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PREFATORY  NOTE  TO  FOURTH  ENGLISH  EDITION. 


The  Fourth  English  Edition  of  the  Text-book  now  laid  before  the  Pro- 
fession has  again  been  thoroughly  revised,  so  as  to  bring  every  Section  as 
far  as  possible  into  harmony  with  the  most  recent  advances  in  Physiological 
Science. 

A  new  feature  introduced— that  of  printing  some  of  the  illustrations 
of  Microscopical  subjects  in  Colours— will,  it  is  hoped,  be  found  helpful. 
For  drawing  several  of  these  coloured  figures  I  am  indebted  to  Arthur 
Clarkson,  M.B.,  CM.,  formerly  my  junior  Demonstrator  of  Physiology,  and 
for  others  to  my  pupils,  Mr  V.  E.  H.  Lindesay  and  Mr  F.  J.  S.  Mathwin. 

A  large  number  of  new  figures,  many  of  them  original,  have  also 
been  added,  so  that  the  total  number  of  illustrations  is  now  845.  My 
acknowledgments  are  due,  specially,  in  regard  to  some  of  these,  to  the 
Cambridge  Scientific  Instrument  Company,  Messrs  Alvergniat,  Verdin, 
Petzold,  Curry  &  Paxton,  and  to  my  friends  Professors  Roy,  Fredericq,  Leech, 
Burdon-Sanderson,  Mr  Gotch,  Dr  Adami,  and  Dr  Macnaughton  Jones. 

Further,  I  have  to  thank  the  last  mentioned  for  some  hints  which  have 
enabled  me  to  improve  the  Section  on  the  "  Ear  and  Hearing."  I  am  also 
indebted  to  Professor  Ramon  y  Cayal,  of  Barcelona,  for  his  courtesy  in  send- 
ing me  his  original  Papers  recording  the  results  of  his  investigations  on  the 
Central  Nervous  System,  some  of  which  I  have  ventured  to  epitomise  and 
introduce  into  the  text.  The  sources  of  the  other  illustrations  are  given 
elsewhere. 

In  order  to  do  full  justice  to  the  coloured  illustrations,  and  to  admit 
of  more  of  the  text  being  printed  in  large  type,  it  has  been  found  necessary 
to  issue  the  work  once  again  in  two  volumes. 

WILLIAM  STIRLING. 

The  Owens  College,  Manchester, 
May  1891. 


PEEFACE  TO  THE  FIRST  ENGLISH  EDITION. 


The  fact  that  Professor  Landois'  ''Lehrbuch  der  Physiologie  des  Menschen' 
has  already  passed  through  Four  large  Editions  since  its  first  appearance 
in  1880,  shows  that  in  some  special  way  it  has  met  the  wants  of  Students 
and  Practitioners  in  Germany.  The  characteristic  which  has  thus  com- 
mended the  work  will  be  found  mainly  to  lie  in  its  eminent  practicality ; 
and  it  is  this  consideration  which  has  induced  me  to  undertake  the  task 
of  putting  it  into  an  English  dress  for  English  readers. 

Landois'  work,  in  fact,  forms  a  Bridge  between  Physiology  and  the 
Practice  of  Medicine.  It  never  loses  sight  of  the  fact  that  the  Student 
of  to-day  is  the  practising  Physician  of  to-morrow.  Thus,  to  every 
Section  is  appended — after  a  full  description  of  the  normal  processes — 
a  short  resume  of  the  pathological  variations,  the  object  of  this  being  to 
direct  the  attention  of  the  Student,  from  the  outset,  to  the  field  of  his 
future  practice,  and  to  show  him  to  what  extent  pathological  processes 
are  a  disturbance  of  the  normal  activities. 

In  the  same  way,  the  work  offers  to  the  busy  physician  in  practice  a 
ready  means  of  refreshing  his  memory  on  the  theoretical  aspects  of 
Medicine,  He  can  pass  backiuards  from  the  examination  of  pathological 
phenomena  to  the  normal  processes,  and,  in  the  study  of  these,  find  new 
indications  and  new  lights  for  the  appreciation  and  treatment  of  the  cases 
under  consideration. 

With  this  object  in  view,  all  the  methods  of  investigation  which  may 
with  advantage  be  used  by  the  Practitioner,  are  carefully  and  fully 
described;  and  Histology,  also,  occupies  a  larger  place  than  is  usually 
assigned  to  it  in  Text-books  of  Physiology. 

A  word  as  to  my  own  share  in  the  present  version : — 

(1.)  In  the  task  of  translating,  I  have  endeavoured  throughout  to 
convey  the  author's  meaning  accurately,  without  a  too  rigid  adherence 
to  the  original.  Those  who  from  experience  know  something  of  the 
difficulties  of  such  an  undertaking  will  be  most  ready  to  pardon  any  short- 
comings they  may  detect. 

(2.)  Very  considerable  additions  have  been  made  to  the  Histological, 
and  also  (where  it  has  seemed  necessary)  to  the  Physiological  sections. 
All  such  additions  are  enclosed  within  square  brackets  [   ].    I  have  to 
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acknowledge  my  indebtedness  to  many  valuable  Papers  in  the  various 
Medical  Journals— British  and  Foreign— and  also  to  the  Histological 
Treatises  of  Cadiat,  Ranvier,  and  Klein ;  Quain's  Anatomy,  vol.  IL,  ninth 
edition ;  Hermann's  Handbuch  der  Physiologie ;  and  the  Text-books^  on 
Physiology  by  Rutherford,  Foster,  and  Kirkes ;  Gamgee's  Physiological 
Chemistry;  Ewalds  Digestion;  and  Roberts's  Digestive  Ferments. 

(3.)  The  illustrations  have  been  greatly  increased  in  number,  viz., 
from  275  in  the  Fourth  German  Edition  to  494  in  the  English  version. 
These  additional  Diagrams,  with  the  sources  whence  derived,  are  dis- 
tinguished in  the  List  of  Woodcuts  by  an  asterisk. 

There  only  remains  for  me  now  to  express  my  thanks  to  all  who 
have  kindly  helped  in  the  progress  of  the  work,  either  by  furnishing 
Illustrations  or  otherwise— especially  to  Drs  Byrom  Bramwell,  Dudgeon, 
Lauder  Brunton,  and  Knott;  Mr  Hawksley;  Professors  Hamilton  and 
M'Kendrick;  to  my  esteemed  teacher  and  friend,  Professor  Ludwig,  of 
Leipzic;  and  finally,  to  my  friend,  Mr  A.  W.  Robertson,  M.A.,  formerly 
Assistant  Librarian  in  the  University,  and  now  Librarian  of  the  Aberdeen 
Public  Library,  for  much  valuable  assistance  while  the  work  was  passing 

through  the  press. 

In  conclusion— and  forgetting  for  the  moment  my  own  connection 
with  it— I  heartily  commend  the  work  iwr  se  to  the  attention  of  Medical 
Men,  and  can  wish  for  it  no  better  fate  than  that  it  may  speedily  become 
as  popular  in  this  country  as  it  is  in  its  Fatherland. 

WILLIAM  STIRLING. 


Abekdeen  University, 
November  1884. 
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Introduction. 


The  Scope  of  Physiology  and  its  Relation  to  other  Branches 
of  Natural  Science. 

Physiology  is  the  science  of  the  vital  phenomena  of  organisms,  or,  broadly,  it  is 
the  Doctrine  of  Life.  Corresponding  to  the  classification  of  organisms,  we  distinguish 
— (1)  Animal  Phijsiology ;  (2)  Vegetable  Physiology;  and  (3)  the  Physiology  of 
the  Lowest  Living  Organisms,  which  stand  on  the  border  line  of  animals  and 
plants,  i.e.,  the  so-called  Protistce  of  Haeckel,  micro-organisms,  and  those  elementary 
organisms  or  cells  which  exist  on  the  same  level. 

The  object  of  Physiology  is  to  establish  these  phenomena,  to  determine  their 
regularity  and  causes,  and  to  refer  them  to  the  general  fundamental  laws  of 
K'atural  Science,  viz.,  the  Laws  of  Physics  and  of  Chemistry. 

The  following  Scheme  shows  the  relation  of  Physiology  to  the  allied  branches  of 
]!^atural  Science  : — 

BIOLOGY. 

The  science  of  organised  beings  or  organisms  (animals,  plants,  protistse,  and 
elementary  organisms). 

II.  Physiology. 

The  doctrine  of  the  vital  phenomena 


I.  Morphology. 

The  doctrine  of  the  form  of  organisms. 

General  Special 
Morphology.  Morphology. 

Tlie  doctrine  of  tlie    The   doctrine   of  tlie 

formed  elementary      jjarts  and  organs  of 

constituents  of  or-  organisms. 

ganisms.  (Organology — 

(Histology) —  Anatomy) — 

(a)  Histology  of  Plants,    {a)  Phytotomy. 
(6)  Histology  of  Animals,  {b)  Zootomy. 

III.  Embryology. 

The  doctrine  of  the  generation  and  development  of  organisms. 


of  organisms. 

General 
Physiology. 

The  doctrine  of  vital 
phenomena  in  gene- 
ral— 

(a)  Of  Plants. 

{h)  Of  Animals. 


Special 
Physiology. 

The  doctrine  of  the 
activities  of  the  in- 
dividual organs — 
{a)  Of  Plants. 
{b)  Of  Animals. 


Morpliological  imrt  of  the 
doctrine  of  development, 
i.e.,  the  doctrine  of  form 
in  its  stages  of  develop- 
ment— 

{a)  General. 

(6)  Special. 


(  1.  History  of  the  development  of  ^ 
I       single  beings,  of  the  individual 
{e.g.,  of  man)  from  the  ovum 
onwards  (Ontogeny) — 
{a)  In  Plants. 
1  (6)  In  Animals. 

2.  History  of  the  development  of 
a  whole  stock  of  organisms  from 
the  lowest  forms  of  the  series 
upwards  (Phylogeny) — 
(a)  In  Plants. 
(]))  In  Animals. 


Physiological  part  of  the 
doctrine  of  development, 
i.e.,  the  doctrine  of  the 
)-     activity  during  develop- 
ment— 

{a)  General. 
{b)  Special. 
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INTRODUCTION. 


Morphology  and  Physiology  are  of  equal  rank  in  biological  science,  and  a  previous 
acquaintance  with  Morphology  is  assumed  as  a  basis  for  the  comprehension  of 
Physiology,  since  the  work  of  an  organ  can  only  be  properly  understood  when  its 
external  form  and  its  internal  arrangements  are  known.  Development  occupies 
a  middle  place  between  Morphology  and  Physiology  ;  it  is  a  morphological  discipline 
in  so  far  as  it  is  concerned  with  the  description  of  the  parts  of  the  developing 
organism ;  it  is  a  physiological  doctrine  in  so  far  as  it  studies  the  activities  and 
vital  phenomena  during  the  course  of  development. 

MATTER. — The  entire  visible  world,  including  all  organisms,  consists  of  matter, 
i.e.,  of  substance  which  occupies  space. 

We  distinguish  ponderaUe  matter  which  has  weight,  and  imponderaUe  matter 
which  cannot  be  weighed  in  a  balance.    The  latter  is  generally  termed  ether. 

In  ponderable  materials,  again,  we  distinguish  their /orm,  i.e.,  the  nature  of  their 
limiting  surfaces;  further,  their  volume,  i.e.,  the  amount  of  space  which  they 
occupy;  and  lastly,  their  acigreriate  condition,  i.e.,  whether  they  are  solid,  fluid,  or 
gaseous  bodies. 

Ether. — The  ether  fills  the  space  of  the  universe,  certainly  as  far  as  the  most 
distant  visible  stars.  This  ether,  notwithstanding  its  imponderability,  possesses 
distinct  mechanical  properties  ;  it  is  infinitely  more  attenuated  than  any  known 
kind  of  gas,  and  behaves  more  like  a  solid  body  than  a  gas,  resembling  a  gelatinous 
mass  rather  than  the  air.  It  participates  in  the  luminous  phenomena  due  to  the 
vibrations  of  the  atoms  of  the  fixed  stars,  and  hence  it  is  the  transmitter  of  light, 
which  is  conducted  by  means  of  its  vibrations,  with  inconceivable  rapidity  (42,220 
geographical  miles  per  second)  to  our  visual  organs  {Tijndall). 

Imponderable  matter  (ether)  and  ponderable  matter  are  not  separated  sharply 
from  each  other;  rather  does  the  ether  penetrate  into  all  the  spaces  existing 
between  the  smallest  particles  of  ponderable  matter. 

Particles.— Supposing  that  ponderable  matter  were  to  be  subdivided  con- 
tinuously into  smaller  and  smaller  portions,  until  we  reach  the  last  stage  of 
division  in  which  it  is  possible  to  recognise  the  aggregate  condition  of  the  matter 
operated  upon,  we  should  call  the  finely-divided  portions  of  matter  in  this  state 
particles.  Particles  of  iron  would  still  be  recognised  as  solid,  particles  of  water  as 
fiaiid,  particles  of  oxygen  as  gaseous. 

Molecules. — Supposing,  however,  the  process  of  division  of  the  particles  to 
be  carried  further  still,  we  should  at  last  reach  a  limit,  beyond  Avhich,  neither  by 
mechanical  nor  by  physical  means,  could  any  further  division  be  effected.  We 
should  have  arrived  at  the  molecules.  A  molecule,  therefore,  is  the  smallest  amount 
of  matter  which  can  still  exist  in  a  free  condition,  and  which  as  a  unit  no  longer 
exhibits  the  aggregate  condition. 

Atoms.— But  even  molecules  are  not  the  final  units  of  matter,  since  every 
molecule  consists  of  a  group  of  smaller  units,  called  atoms.  An.  atom  cannot  exist 
by  itself  in  a  free  condition,  but  the  atoms  unite  with  other  similar  or  dissimilar 
atoms  to  form  groups,  which  are  called  molecules.  Atoms  are  incapable  of  further 
subdivision,  hence  their  name.  We  assume  that  the  atoms  are  invariably  of  the 
same  size,  and  that  they  are  solid.    From  a  chemical  point  of  view,  the  atom  of 
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an  elementary  Ijody  (element)  is  the  smallest  amount  of  the  element  which  can  enter 
into  a  chemical  combination.  Just  as  ponderable  matter  consists  in  its  ultimate 
parts  of  23onderable  atoms,  so  does  the  ether  consist  of  analogous  small  ether-atoms. 

Ponderable  and  Imponderable  Atoms. — The  ponderable  atoms  within 
ponderable  matter  are  arranged  in  a  definite  relation  to  the  ether-atoms.  The 
ponderable  atoms  mutually  attract  each  other,  and  similarly  they  attract  the 
imponderable  ether-atoms ;  but  the  ether-atoms  repel  each  other.  Hence,  in 
IDonderable  masses,  ether-atoms  surround  every  ponderable  atom.  These  masses, 
in  virtue  of  the  attraction  of  the  ponderable  atoms,  tend  to  come  together,  but  only 
to  the  extent  permitted  by  the  surrounding  ether-atoms.  Thus  the  ponderable 
atoms  can  never  come  so  close  as  not  to  leave  interspaces.  All  matter  must, 
therefore,  be  regarded  as  more  or  less  loose  and  open  in  texture,  a  condition  due 
to  the  interpenetrating  ether-atoms,  which  resist  the  direct  contact  of  the  ponder- 
able atoms. 

Aggregate  Condition  of  Atoms. — -The  relative  arrangement  of  the  molecules, 
i.e.,  the  smallest  particles  of  matter  which  can  be  isolated  in  a  free  condition, 
determines  the  aggregate  condition  of  the  body. 

Within  a  solid  body,  characterised  by  the  permanence  of  its  volume  as  well  as 
by  the  independence  of  its  form,  the  molecules  are  so  arranged  that  they  cannot 
readily  be  displaced  from  their  relative  positions. 

Fluid  bodies,  although  their  volume  is  permanent,  readily  change  their  shape, 
and  their  molecules  are  in  a  condition  of  continual  movement. 

When  this  movement  of  the  molecules  takes  so  wide  a  range  that  the  individual 
molecules  fly  apart,  the  body  becomes  gaseous,  and  as  such  is  characterised  hj  the 
instability  of  its  form  as  well  as  by  the  changeableness  of  its  volume. 

Physics  is  the  study  of  these  molecules  and  their  motions. 

Forces. 

1.  Gravitation — Work  done. — All  phenomena  appertain  to  matter.  These 
phenomena  are  the  appreciable  expression  of  the  forces  inherent  in  matter.  The 
forces  themselves  are  not  appreciable ;  they  are  the  causes  of  the  phenomena. 

Gravitation. — The  law  of  gravitation  postulates  that  every  particle  of  ponder- 
able matter  in  the  universe  attracts  every  other  particle  Avitli  a  certain  force. 
This  force  is  inversely  as  the  square  of  the  distance.  Further,  the  attractive 
force  is  directly  proportional  to  the  amount  of  the  attracting  matter,  without  any 
reference  to  the  quality  of  the  body.  We  may  estimate  the  intensity  of  gravita- 
tion by  the  extent  of  the  movement  which  it  communicates  to  a  body  allowed  to 
fall,  for  one  second,  through  a  given  distance,  in  a  vacuous  space.  >Such  a 
body  will  fall  in  vacuo  at  the  surface  of  the  earth  9-809  metres  per  second.  This 
fact  has  been  arrived  at  experimentally. 

Let  us  represent  (7  =  9 "809  metres,  the  final  velocity  of  tlie  freely  falling  body  at  tlie  end  of 
one  second.    The  velocity,  Y,  of  tho  freely  falling  body  is  proportional  to  the  tiine,  t,  so  that 

^'-gt  (1); 

i.e.,  at  the  end  of  the  1st  sec,  and  V  =  (/,  l  =  (/  =  9-809  M— tlie  distance  traversed — 

s  =  \t''  (2); 
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i.e.,  tlie  distances  are  as  the  squares  of  the  times.  Hence,  from  (1)  and  (2)  it  follows  (by 
eliminatinaj  t)  that — 

V  =  V2^  (3). 

The  velocities  are  as  the  square  roots  of  the  distances  traversed— 

Therefore   (4)- 

The  freely  falling  body,  and  in  fact  every  freely  moving  body,  possesses  kinetic 
energy,  and  is  in  a  certain  sense  a  magazine  of  energy.  The  kinetic  energy  of  any 
moving  body  is  always  equal  to  the  product  of  its  weight  (estimated  by  the  balance), 
and  the  height  to  which  it  would  rise  from  the  earth,  if  it  were  thrown  from  the 
earth  with  its  own  velocity. 

Let  W  represent  the  kinetic  energy  of  the  moving  bodj^  and  P  its  weight,  then  W  =  P,  5,  so 
that  from  (4)  it  follows  that—  ^ 

W  =  P^  (5). 

Hence,  the  kinetic  energy  of  a  body  is  proportional  to  the  square  of  its  velocity. 

Work. — If  a  force  (pressure,  strain,  tension)  be  so  applied  to  a  body  as  to  move 
it,  a  certain  amount  of  loork  is  performed.  The  amount  of  work  is  equal  to  the 
product  of  the  amount  of  the  pressure  or  strain  which  moves  the  body,  and  of  the 
distance  through  which  it  is  moved. 

Let  K  represent  the  force  acting  on  the  body,  and  S  the  distance,  then  the  work  W  =  KS. 
The  attraction  between  the  earth  and  any  body  raised  above  it  is  a  source  of  work. 

It  is  usual  to  express  the  value  of  K  in  kilogrammes,  and  S  in  metres,  so  that 
the  "unit  of  work"  is  the  kilogram-metre,  i.e.,  the  force  which  is  required  to 
raise  1  kilo,  to  the  height  of  1  metre. 

2.  Potential  Energy. — The  Transformation  of  Potential  into  Kinetic  Energy,  and 
conversely :  Besides  kinetic  energy,  there  is  also  "  potential  energy,"  or  energy  of 
position.  By  this  term  is  meant  various  forms  of  energy,  which  are  suspended  in 
their  action,  and  which,  although  they  may  cause  motion,  are  not  in  themselves 
motion.  A  coiled  watch-spring  kept  in  this  position,  a  stone  resting  upon  a  tower, 
are  instances  of  bodies  possessing  potential  energy,  or  the  energy  of  position.  It 
requires  merely  a  push  to  develop  kinetic  from  the  potential  energy,  or  to  transform 
potential  into  kinetic  energy. 

Work,  w,  was  performed  in  raising  the  stone  to  rest  upon  the  tower. 

to  =2),  s,  where    =  the  weight  and  s  =  the  height, 
p  =  vi  .g,  is  =  the  product  of  the  mass  {m),  and  the  force  of  gravity  (g),  so  that  id -=1)1  g  s. 

This  is  at  the  same  time  the  expression  for  the  potential  energy  of  the  stone. 
This  potential  energy  may  readily  be  transformed  into  kinetic  energy  by  merely 
pushing  the  stone  so  that  it  falls  from  the  tower.  The  kinetic  energy  of  the  stone 
is  equal  to  the  final  velocity  with  which  it  impinges  upon  the  earth. 

V  =  J-2gs  (see  above  (3)  ). 
V2=  2gs. 
mY^  =     2m  q  s. 


m  g  s 


was  the  expression  for  the  potential  energy  of  the  stone  while  it  was  still 
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resting  on  the  height ;  _  V2  is  the  kinetic  energy  corresponding  to  this  potential 

A 

energy  {Brücke). 

Potential  energy  may  be  transformed  into  mechanical  energy  under  the  most 
varied  conditions  ;  it  may  also  he  transferred  from  one  body  to  another. 

The  movement  of  a  pendulum  is  a  striking  example  of  the  former.  When  the  pendulum  is 
at  the  highest  point  of  its  excursion,  it  must  be  regarded  as  absolutely  at  rest  for  an  instant, 
and  as  endowed  with  potential  energy,  thus  corresponding  with  the  raised  stone  in  the  previous 
instance.  During  the  swing  of  the  pendulum  this  potential  energy  is  changed  into  kinetic 
energy,  which  is  greatest  when  the  pendulum  is  moving  most  rapidly  towards  the  vertical.  As 
it  rises  again  from  the  vertical  position,  it  moves  more  slowly,  and  the  kinetic  energy  is 
changed  into  potential  energy,  which  once  more  reaches  its  maximum  when  the  pendulum 
comes  to  rest  at  the  utmost  limit  of  its  excursion.  Were  it  not  for  the  resistances  continually 
opposed  to  its  movements,  such  as  the  resistance  of  the  air  and  friction,  the  movement  of  the 
pendulum,  due  to  the  alternating  change  of  kinetic  into  potential  energy  and  vice  versa,  would 
continue  uninterruptedly,  as  with  a  mathematical  pendulum.  Suppose  the  swinging  ball  of  the 
pendulum,  when  exactly  in  a  vertical  position,  impinged  upon  a  resting  but  movable  sphere, 
the  potential  energy  of  the  ball  of  the  pendulum  would  be  transferred  directly  to  the  sphere, 
provided  that  the  elasticity  of  the  ball  of  the  pendulum  and  the  sphere  were  complete  ;  the 
pendulum  would  come  to  rest,  while  the  sphere  would  move  onward  with  an  equal  amount  of 
kinetic  energy,  provided  there  were  no  resistance  to  its  movement.  This  is  an  example  of  the 
transference  of  kinetic  energy  from  one  body  to  another.  Lastly,  suppose  that  a  stretched 
watch-spring  on  uncoiling  causes  another  spring  to  become  coiled  ;  and  we  have  another  example 
of  the  transference  of  kinetic  energy  from  one  body  to  another. 

The  following  general  statement  is  deducible  from  the  foregoing  examples  : — 

If, 

in  a  system,  the  individual  moving  masses  approach  the  final  position  of  equi- 
hbrium,  then  in  this  system  the  sum  of  the  kinetic  energies  increases ;  if,  on  the 
other  hand,  the  particles  move  away  from  the  final  position  of  equilibrium,  then 
the  sum  of  the  iMential  energies  is  increased  at  the  expense  of  the  kinetic  energies, 
i.e.^  the  kinetic  energies  diminish  (Brücke). 

The  pendulum,  which,  after  swinging  from  the  highest  point  of  its  excursion,  approaches  the 
vertical  position,  i.e.,  the  position  of  equilibrium  of  a  passive  pendulum,  has  in  this  position 
the  largest  amount  of  potential  energy  ;  as  it  again  ascends  to  the  highest  point  of  its  excursion 
on  the  otlier  side,  it  again  gradually  receives  the  maximum  of  potential  energy  at  the  expense 
of  the  gradually  diminishing  movement,  and  therefore  of  the  kinetic  energy. 

3.  Heat. — Bs  Relation  to  Potential  and  Kinetic  Energy.— li  a  lead  weight  be 
thrown  from  a  high  tower  to  the  earth,  and  if  it  strike  an  unyielding  substance,  the 
movement  of  the  mass  of  lead  is  not  only  arrested,  but  the  kinetic  energy  (which 
to  the  eye  appears  to  be  lost)  is  transformed  into  a  lively  vibratory  movement  of 
the  atoms.  When  the  lead  meets  the  earth,  heat  is  produced.  The  amount  of 
heat  produced  is  proportional  to  the  kinetic  energy,  which  is  transformed  through 
the  concussion.  At  the  moment  when  the  lead  weight  reaches  the  earth,  the  atoms 
are  thrown  into  vibrations ;  they  impinge  upon  each  other ;  then  rebound  again 
from  each  other  in  consequence  of  their  elasticity,  which  opposes  their  direct  juxta- 
position ;  they  fly  asunder  to  the  maximum  extent  permitted  by  the  attractive  force 
of  the  ponderable  atoms,  and  thus  oscillate  to  and  fro.  All  the  atoms  vibrate  like 
a  pendulum,  until  their  movement  is  communicated  to  the  ethereal  atoms  sur- 
rounding them  on  every  side,  i.e.,  until  the  heat  of  the  heated  mass  is  "  radiated:' 
Heat  is  thus  a  vibrator//  movement  of  the  atoms. 
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As  the  amount  of  heat  produced  is  proportional  to  the  kinetic  energy,  .vhich  is 
transformed  through  the  concussion,  .ve  must  find  an  adequate  measure  for  hoth 

*"Heat-Umt.-As  a  standard  of  measure  of  heat,  we  have  the  "  heat-unit "  or 
calorie  The  "  heat-unit "  or  calorie  is  the  amount  of  energy  reqmred  to  raise 
the  temperature  of  1  gram  of  water  V  centigrade.  The  "heat-nn.t  corresp^  s 
to  425-5  gram-metres,  i.e.,  the  same  energy  reciurred  to  heat  1  gram  of  wate 
1-  C  worüd  raise  a  weight  of  425-5  grams  to  the  height  of  1  metre  ;  or,  a  weight 
of  425-5  grams,  if  allowed  to  fall  from  the  height  of  1  metre,  would  hy  its  concus- 
sion prodtree  as  much  heat  aa  would  raise  the  temperature  of  1  gram  of  water  1  C. 
The  "mechanical  equivalent"  of  the  heat-unit  is,  therefore,  425-5  gvam-meties. 
It  is  evident  tbat  from  the  collision  of  moving  masse.  i'"'--'ti;:"r«relrtrto'b: 

heat  by  friction. 

4  Chemical  Affinity  :  Relation  to  heat.-Whilst  gravity  acts  upon  tlie 
par^icl!s  7n  atter  without  reference  to  the  composition  of  the  hody,  there  is  an 
oCr  atomic  force  which  acts  between  atoms  of  a  chemically  ditterent  natrrre  ,  tin. 

cLmical  affinity.  This  is  the  force  in  virtue  of  winch  «re  a  oms  of  drenn^^ 
difierent  bodies  unite  to  form  a  chemical  compound.  The  force  r tsel  ^  as 
tu  between  the  atoms  of  different  cheuii^l  bodies  ,  t^s  we  speah  o^^^^^^^^ 

requisite  amount  ot  Ü  to  toim  -\\atei,  it  yi^^  ,  hpnt-units 
i  Ln  carbon  burned  to  carbonic  acid  (carbon  dioxide)  yields  8080  heat  units. 
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Wherever,  in  chemical  processes,  strong  chemical  affinities  are  satisfied,  heat  is  set 
free,  i.e.,  chemical  affinity  is  changed  into  heat.  Chemical  affinity  is  a  form  of 
potential  energy  obtaining  between  the  most  diflterent  atoms,  which  during 
chemical  processes  is  changed  into  heat.  Conversely,  in  those  chemical  processes 
where  strong  affinities  are  dissolved,  and  chemically-united  atoms  thereby  pulled 
asunder,  there  must  be  a  diminution  of  temperature,  or,  as  it  is  said,  heat  becomes 
latent — that  is,  the  energy  of  the  heat  which  has  become  latent  is  changed  into 
chemical  energy,  and  this,  after  decomposition  of  the  compound  chemical  body, 
is  again  represented  by  the  chemical  affinity  between  its  isolated  different  atoms. 

LAW  OF  THE  CONSERVATION  OF  ENERGY.— Julius  Eobert  Mayer  and 
Helmholtz  have  established  the  important  law  that,  in  a  system  which  does  not 
receive  any  influence  and  impression  from  without,  the  sum  of  all  the  forces  acting 
within  it  is  always  the  same.  The  various  forms  of  energy  can  he  transformed  one 
into  the  other,  so  that  kinetic  energy  may  he  transformed  into  potential  energy  and 
vice  versa,  hut  there  is  never  any  part  of  the  energy  lost.  The  transformation  takes 
place  in  such  measure  that,  from  a  certain  definite  amount  of  one  form  of  energy, 
a  definite  amount  of  another  can  be  obtained. 

The  various  forms  of  energy  acting  in  organisms  occur  in  the  following  modi- 
fications : — 

1.  Molar  motion  (ordinary  movements),  as  in  the  movements  of  the  whole  body, 
of  the  limbs,  or  of  the  intestines,  and  even  those  observable  microscopically  in 
connection  with  cells. 

2.  Movements  of  atoms  as  heat.— We  know,  in  connection  with  the  vibration 
of  atoms,  that  the  number  of  vibrations  in  the  unit  of  time  determines  whether  the 
oscillations  appear  as  heat,  light,  or  chemically-active  vibrations.  Heat-vibrations 
have  the  smallest  number,  while  chemically-active  vibrations  have  the  largest 
number,  light-vibrations  standing  between  the  two.  In  the  human  body  we  only 
observe  heat-vibrations,  but  some  of  the  lower  animals  are  capable  of  exhibiting 
the  phenomena  of  light. 

In  the  human  organism  the  molar  movements  in  the  individual  organs  are  con- 
stantly being  transformed  into  heat,  e.g.,  the  kinetic  energy  in  the  organs  of  the 
circulation  is  transformed  by  friction  into  heat.  The  measure  of  this  is  the  "  unit 
of  work  "  =  1  gram-metre,  and  the  "  unit  of  heat  "  =  425-5  gram-metres. 

3.  Potential  Energy. — The  organism  contains  many  chemical  compounds  which 
are  characterised  by  the  great  complexity  of  their  constitution,  by  the  imperfect 
saturation  of  their  affinities,  and  hence  by  their  great  tendency  to  split  up  into 
simpler  bodies. 

The  body  can  transform  the  potential  energy  into  heat  as  well  as  into  kinetic 
energy,  the  latter  always  in  conjunction  with  the  former,  but  the  former  always  by 
itself  alone.  The  shnjjlest  measure  of  the  potential  energy  is  the  amount  of  heat 
which  can  be  obtained  by  complete  combustion  of  the  chemical  compounds  re- 
presenting the  potential  energy.  The  number  of  work-units  can  then  be  calculated 
from  the  amount  of  heat  produced. 

4.  The  phenomena  of  electricity,  magnetism,  and  diamagnetism  may  be 
recognised  in  two  directions,  as  movements  of  the  smallest  particles,  which  are 
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recognised  in  the  glowing  of  a  thin  wire  when  it  is  traversed  by  strong  electrical 
currents  (against  considerable  resistance),  and  also  as  molar  movement,  as  in  the 
attraction  or  repulsion  of  the  magnetic  needle.  Electrical  phenomena  are  mani- 
fested in  our  bodies  by  muscle,  nerve,  and  glands,  but  these  phenomena  arc 
relatively  small  in  amount  when  compared  with  the  other  forms  of  energy.  It  is 
not  improbable  that  the  electrical  phenomena  of  our  bodies  become  almost  com- 
pletely transformed  into  heat.  As  yet  experiment  has  not  determined  with  accuracy  a 
"unit  of  electricity"  directly  comparable  with  the  "  heat-unit"  and  the  "work-unit." 

It  is  quite  certain  that  within  the  organism  one  form  of  energy  can  be  trans- 
formed into  another  form,  and  that  a  certain  amount  of  one  form  will  yield  a 
definite  amount  of  another  form ;  further,  that  new  energy  never  arises  spontane- 
ously, nor  is  energy  already  present  ever  destroyed,  so  that  in  the  organism  the 
law  of  the  conservation  of  energy  is  continually  in  action. 

ANIMALS  AND  PLANTS.— The  animal  body  contains  a  quantity  of  chemically- 
potential  energy  stored  up  in  its  constituents.  The  total  amount  of  the  energy 
present  in  the  human  body  might  be  measured  by  burning  completely  an  entire 
humanbodyinaca?on7?ie^er,  and  thereby  determining  how  many  heat-units  are 
produced  when  it  is  reduced  to  ashes  (see  Animal  Heat). 

The  chemical  compounds  containing  the  potential  energy  are  characterised  by  the 
comphcated  relative  position  of  their  atoms,  by  a  comparatively  imperfect  satura- 
tion of  the  affinities  of  their  atoms,  by  the  relatively  small  amount  of  oxygen  which 
they  contain,  by  their  great  tendency  to  decomposition,  and  the  facility  with  which 
they  undergo  decomposition. 

If  a  man  were  not  supplied  with  food  he  would  lose  50  grams  of  his  body- 
weight  every  hour ;  the  material  part  of  his  body,  which  contains  the  potential 
energy,  is  used  up,  oxygen  is  absorbed,  and  a  continual  process  of  combustion  takes 
place /by  the  process  of  combustion  simpler  substances  are  formed  from  the  more 
complex  compounds,  whereby  potential  is  converted  into  kinetic  energy.  It  is  im- 
material whether  the  combustion  is  rapid  or  slow ;  the  same  amount  of  the  same 
chemical  substances  always  produces  the  same  amount  of  kinetic  energy,  i.e.,  of  heat. 

A  person,  when  fasting,  experiences  after  a  certain  time  the  disagreeable  feeling 
of  exhaustion  of  his  reserve  of  potential  energy,  hunger  sets  in,  and  he  takes  food. 
All  food  for  the  animal  kingdom  is  obtained,  either  directly  or  indirectly,  from  the 
vegetable  kingdom.  Even  Carnivora,  which  eat  the  flesh  of  other  animals,  only  eat 
organised  matter  which  has  been  formed  from  vegetable  food.  The  existence  of 
the  animal  kingdom  presupposes  the  existence  of  the  vegetable  kingdom. 

All  substances,  therefore,  necessary  for  the  food  of  animals  occur  m  vegetables. 
Besides  water  and  the  inorganic  constituents,  plants  contain,  amongst  other 
organic  compounds,  the  following  three  chief  representatives  of  foodstuffs— ms, 
carbohydrates,  and  proteids. 

All  these  contain  stores  of  potential  energy,  in  virtue  of  their  complex  chemical 

constitution. 

^  .  ,  .  .  j  CnH.,„-,0(OH)  =  fatty  acids  )  251). 
The  fats  contain:- I  +  C3H5(OH)3  =  glycerin        f      -  ; 

The  carbohydrates  contain  :— CgH^^Oö       •       •  ^§ 
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The  Proteids  contain  per  cent.  : — 


I 


C.  51-5-54-5  ] 
H.    6-9-  7-3 
N.  15-2-17-0 
0.  20-6-23-5 
S.    0-3-  2-0 


(§§  248  and  249). 


A  man  who  takes  a  certain  amonnt  of  this  food  adds  thereto  oxygen  from  the 
air  in  the  process  of  respiration.  Combustion  or  oxidation  then  takes  place,  where- 
hj  chemically-potential  energy  is  transformed  into  heat. 

It  is  evident  that  the  products  of  this  combustion  must  be  bodies  of  simpler  con- 
stitution— bodies  with  less  complex  arrangement  of  their  atoms,  with  the  greatest 
possible  saturation  of  the  affinities  of  their  atoms,  of  greater  stability,  partly  rich  in 
0,  and  possessing  either  no  potential  energy,  or  only  very  little.  These  bodies  are 
carbon  dioxide,  CO^ ;  water,  HgO  ;  and  as  the  chief  representative  of  the  nitrogen- 
ous excreta,  urea  (CO(N'H2)2),  which  has  still  a  small  amount  of  pottential  energy, 
but  which  outside  the  body  is  readily  converted  into  CO^  and  ammonia  (NHg). 

The  human  body  is  an  organism  in  which,  by  the  phenomena  of  oxidation,  the 
complex  nutritive  materials  of  the  vegetable  kingdom,  which  are  highly  charged 
with  potential  energy,  are  transformed  into  simple  chemical  bodies,  whereby  the 
potential  energy  is  transformed  into  the  equivalent  amount  of  kinetic  energy  (heat, 
work,  electrical  phenomena). 

But  how  do  plants  form  these  complex  food-stu£fs  so  rich  in  potential  energy  ? 
It  is  plain  that  the  potential  energy  of  plants  must  be  obtained  from  some  other 
form  of  energy.  This  potential  energy  is  supplied  to  plants  by  the  rays  of  the 
sun,  whose  chemical  light-rays  are  absorbed  by  plants.  Without  the  rays  of  the 
sun  there  could  be  no  plants.  Plants  absorb  from  the  air  and  the  soil  C02,Tl20, 
N'Hg,  and  E",  of  which  carbon  dioxide,  water,  and  ammonia  (from  urea)  are  also 
produced  by  the  excreta  of  animals.  Plants  absorb  the  Idnetic  energy  of  lujld  from 
the  suit's  rays  and  transform  it  into  potential  energy^  which  is  accumulated  during 
the  growth  of  the  plant  in  its  tissues,  and  in  the  food-stuffs  produced  in  them 
during  their  growth.  This  formation  of  complex  chemical  compounds  is  accom- 
panied by  the  simultaneous  excretion  of  0. 

Occasionally,  kinetic  energy,  such  as  we  universally  meet  with  in  animals,  is  liberated  in 
plants.  Many  plants  develop  considerable  quantities  of  lieat  in  their  flowers,  e.g.,  the  arum 
tribe.  We  must  also  remember  that  during  the  formation  of  the  solid  parts  of  plants,  when 
fluid  juices  are  changed  into  solid  masses,  heat  is  set  free.  In  plants,  under  certain  circum- 
stances, 0  is  absorbed,  and  COg  is  excreted,  but  these  processes  are  so  trivial  as  compared  with  the 
tj'pical  condition  in  the  vegetable  kingdom,  that  they  may  be  regarded  as  of  small  moment. 

Plants,  therefore,  are  organisms  which,  by  a  reduction  process,  transform  simple 
stable  combinations  into  complex  compounds,  whereby  potential  solar  energy  is 
transformed  into  the  chemically-potential  energy  of  vegetable  tissues.  Animals 
are  living  beings,  which  by  oxidation  decompose  or  break  up  the  complex  grouping 
of  atoms  manufactured  by  plants,  whereby  potential  is  transformed  into  kinetic 
energy.  Thus,  there  is  a  constant  circulation  of  matter  and  a  constant  exchange 
of  energy  between  plants  and  animals.  All  the  energy  of  animals  is  derived  from 
plants.  All  the  energy  of  plants  arises  from  the  sun.  Thus  the  sun  is  the  cause, 
the  original  source  of  all  energy  in  the  organism,  i.e.,  of  the  whole  of  life. 
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As  the  formation  of  solar  heat  and  solar  Ught  is  explicable  by  the  gravitation  of 
masses,  gravity  is  perÄaps  the  original  form  of  energy  of  all  life. 

We  may  thus  represent  the  formation  of  kinetic  energy  in  the  ammalbody  trom 
the  potential  energy  of  plants.  Let  ns  suppose  the  atoms  of  the  substances  formed 
in  organisms,  as  simple  small  bodies,  balls,  or  blocks.  As  long  as  these  he  m  a 
single  layer,  or  in  a  few  layers,  upon  the  surface,  there  is  a  stable  arrangement 
and  they  continue  to  remain  at  rest.  If,  however,  an  artificial  tower  be  built  ot 
these  blocks,  so  that  an  mistable  erection  is  produced,  and  the  same  tower  be  atter- 
wards  knocked  down,  then  for  this  purpose  we  reciuire-(l)  the  motor  power  of  the 
workman  who  lifts  and  carries  the  blocks ;  (2)  a  blow  or  other  impulse  from  with- 
out appUed  to  the  unstable  structure-when  the  atoms  will  fall  togethoir,  and  as 
they  fall  coUide  with  each  other  and  produce  heat.  Thus,  the  energy  employed  by 
the  workman  is  again  transformed  into  the  last-named  form  of  energy. 

In  plants  the  complex  unstable  building  of  the  groups  of  atoms  is  carried  on, 
the  constructor  being  the  sun.  In  animals,  which  eat  plants,  the  complex  groups 
of  the  atoms  are  tumbled  down,  with  the  liberation  of  kmetic  energy. 

Vital  Energy  and  Life. -The  forces  which  act  in  organisms,  in  plants  and 
animals  are  exactly  the  same  as  are  recognisable  as  acting  in  dead  matter.  A  so- 
called  "  vital  force,"  as  a  special  force  of  a  peculiar  kind,  causing  andgovermng  the 
vital  phenomena  of  hving  beings,  does  not  exist.  The  forces  of  all  matter,  of 
organised  as  well  as  unorganised,  exist  in  connection  with  their  smallest  particles 
or  atoms.  As,  however,  the  smallest  particles  of  organised  matter  are,  for  the 
most  part,  arranged  in  a  very  complicated  way,  compared  with  the  much  simiJer 
composition  of  inorganic  bodies,  so  the  forces  of  the  organism  connected  wit  the 
smailest  particles  yield  more  comphcated  phenomena  and  eombmations,  ^^heie l  y  it 
is  excessively  difficult  to  ascribe  the  vital  phenomena  in  organisms  to  the  simple 
fundamental  laws  of  physics  and  chemistry.  ,  ..x       «  Sim  of 

The  Exchange  of  Material,  or  MetaboUsm  (-^  Stoffwechsel  )  as  a  Sign  ot 
Life  -Nevertheless,  there  appears  to  be  a  special  exchange  of  matter  and  energy 
pecidiar  to  living  beings.  This  consists  in  the  capacity  of  organisms  to  assnmla  e 
the  matter  of  their  surroundings,  and  to  work  it  up  into  their  own  constitution,  so 
that  it  forms  for  a  time  an  integral  part  of  the  living  being,  to  be  given  off  again 
The  whole  series  of  phenomena  is  called  metabolism  or  "Stoffwechsel  which 
consists  in  the  introduction,  assimilation,  integration  and  excretion  of  matte. 

We  have  already  shown  that  the  metabolism  of  plants  and  that  of  a  imals  aie 
quite  different.    The  processes,  as  already  described,  actually  occur  mthe  typical 
Dlants  and  animals.  .       , . 

But  Jhere  is  a  large  group  of  organisms  which,  throughout  their  entire  organisa- 
tion, exhibit  so  low  a  degree  of  development,  that  by  some  observers  they  ar  on- 
sidekd  as  undifferentiated  "  ground-forms."    They  are  regarded  as  1 
nor  animals,  and  are  the  most  simple  forms  of  animated  matter.    Haecke!  has 
called  these  organisms  Protist»,  as  being  the  original  and  P"?™ 

We  must  assume  that,  corresponding  with  their  simpler  -^al  coiÄ^^  i^^^^^ 
metabolism  is  also  simpler,  but  on  this  point  we  stiU  require  further  observations 
and  experiments. 


Physiology  of  the  Blood. 
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[The  blood  is  aptly  described  by  Claude  Bernard  as  an  internal  medium  which 
acts  as  a  "  go-between  "  or  medium  of  exchange  for  the  outer  world  and  the  tissues. 
Into  it  are  poured  those  substances  which  have  been  subjected  to  the  action  of  the 
digestive  fluids,  and  in  the  lungs  or  other  respiratory  organs  it  receives  oxygen. 
It  thus  contains  new  substances,  but  in  its  passage  through  the  tissues  it  gives  up 
some  of  these  new  substances,  and  receives  in  exchange  certain  waste  products 
which  have  to  be  got  rid  of.  Its  composition  is  thus  highly  complex.  Besides 
carrying  the  new  nutrient  fluids  to  the  tissues,  it  is  also  the  great  oxygen-carrier, 
as  Avell  as  the  mediimi  by  which  some  of  the  waste  products,  e.g.,  CO^,  urea,  are 
removed  from  the  tissues,  and  brought  to  the  organs,  e.g.,  the  lungs,  kidneys,  skin, 
which  eliminate  them  from  the  body.  It  is  at  once  a  great  pabulum-supplying 
medium  and  a  channel  for  getting  rid  of  useless  materials.  As  the  composition  of 
the  organs  through  which  the  blood  flows  varies,  it  is  evident  that  its  composition 
must  vary  in  different  parts  of  the  circulatory  system  ;  and  it  also  varies  in  the 
same  individual  under  different  conditions.  Still  with  slight  variations,  there  are 
certain  general  physical,  histological,  and  chemical  properties  Avhich  characterise 
blood  as  a  ivhole.'] 

1.  PHYSICAL  PROPERTIES.— (1)  Colour.— The  colour  of  blood  varies  from  a 
bright  scarlet-red  in  the  arteries  to  a  deep,  dark,  bluish-red  in  the  veins.  Oxygen 
(and,  therefore,  the  air)  makes  the  blood  bright  red;  want  of  oxygen  makes  it 
dark.  Blood  free  from  oxygen  (and  also  venous  blood)  is  dicliroic — i.e.,  by  reflected 
light  it  appears  dark  red,  while  by  transmitted  light  it  is  green.  [Arterial  blood  is 
monochroic] 

In  thin  layers  blood  is  opaque,  as  is  easily  shown  by  shaking  blood  so  as  to  form 
bubbles,  or  by  allowing  blood  to  fall  upon  a  plate  with  a  pattern  on  it,  and  pouring 
it  off  again.  [Printed  matter  cannot  be  read  through  a  thin  layer  of  blood  spread  on 
a  glass  slide.]  Blood  behaves,  therefore,  like  an  "  opaque  colour,"  as  its  colouring 
matter  is  suspended  in  the  form  of  fine  particles — the  blood-corpuscles. 

Hence,  it  is  possible  to  separate  the  colouring-matter  from  the  fluid  part  of  the  blood  by 
filtration.  This  is  accomplished  by  mixing  the  blood  with  fluids  which  render  the  blood- 
corpuscles  sticky  or  rough.  If  mammalian  blood  be  treated  with  one-seventh  of  its  volume  of 
solution  of  sodic  sulphate,  or  if  frog's  blood  be  mixed  with  a  2  per  cent,  solution  of  sugar  {Joh. 
Müller)  and  filtered,  the  shrivelled  corpuscles,  now  robbed  of  part  of  their  Avater,  remain  upon 
the  filter. 

(2)  Reaction. — The  reaction  is  alkaline,  owing  to  the  presence  of  disodic 
phosphate,  E'a2lIP04,  and  bicarbonate  of  soda.  After  blood  is  shed,  its  alkalinity 
rapidly  diminishes,  and  this  occurs  more  rapidly  the  greater  the  alkalinity  of  the 
blood.  This  is  due  to  the  formation  of  an  acid,  in  which,  perhaps,  the  coloured 
corpuscles  take  part,  owing  to  the  decomposition  of  their  colouring  matter.    A  high 
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2  ALKALINITY  OF  THE  BLOOD.  [SeC  1. 

temperature  and  the  addition  of  an  alkali  favour  the  formation  of  the  acid  {JH, 
Zuntz). 

The  alkaline  reaction  of  blood  is  diminished  :  (a)  by  gi'eat  muscular  exertion  owing  to  the 
formation  of  a  large  amount  of  acid  in  the  muscles  ;  {ß)  during  coagulation  ;  (7)  in  old  blood, 
or  blood  dissolved  by  water  from  old  blood-stains,  sucli  blood  being  usually  acid  ;  fresh  cruoi 
has  a  stronger  alkaline  reaction  than  serum  ;  (8)  after  the  prolonged  use  of  soda  the  alkalmity 
is  increased  after  the  use  of  acids  it  is  decreased.  In  women  and  children  the  alkalescence  is 
less  than  in  man,  and  it  is  less  in  lying-in  women  than  in  pregnant  women  {Peiper). 

Methods  -Owing  to  the  colour  of  the  blood  we  cannot  employ  ordinary  litmus  paper  to  test 
its  reaction.    One  of  the  following  methods  may  be  used  Moisten  a  stnp  of  £azed  red 

litmus  paper  with  solution  of  common  salt,  and  allow  a  drop  of  blood  to  fa  1  on  the  papei  , 
then  rapidly  wipe  it  otr  before  its  colouring  matter  has  time  to  penetrate  and  tinge  the  paper 
(Zuntz).  (2)  Liebreich  used  thin  plates  of  plaster-of-Paris  of  a  perfectly  neutral  reaction 
These  are  dried,  and  afterwards  moistened  with  a  neutral  solution  ot  litmus.  _A\hen  a  drop  of 
blood  is  placed  upon  the  porous  plate,  the  fluid  part  of  the  blood  passes  into  it,  the  cor- 
puscles are  then  washed  off  with  water,  and  the  altered  colour  of  the  litmus-stamed  slab  is 
apparent.  [(3)  Schäfer  uses  dry  faintly-reddened  glazed  litmus  paper,  and  on  it  is  placed  a 
d??p  of  blood,  Avhich  is  wiped  off-  after  a  few  seconds.  The  place  where  the  blood  rested  is 
indicated  by  a  blue  patch  upon  a  red  or  violet  ground.] 

Estimation  of  the  AlkaliW. -A  very  dilute  solution  of  tartaric  acid  (1  cubic  cen  imetre 
combines  with  S'l  milligrams  of  soda,  i.e.,  1  Htre  of  water  contains  7-5  grams  0  ^Tsta  hs^d 
tartaric  acid)  is  added  to  blood  until  a  blue  litmus  paper  is  turned  red  (by  Zuntz  s  rr  ethod) 
100  grams  of  rabbit's  blood  have  an  alkalinity  corresponding  to  150  milligrams  of  so^a  the 
blood  of  Carnivora  to  about  180  milligrams  {Lassar),  while  100  c.c.  of  normal  human  blood  have 
an  alkalinity  equal  to  260-300  milligrams  of  soda  {v.  JakscJi).  ■,    , ,    .  ^ 

Tl  ffohowinnietho  can  be  used°with  a  few  drops  of  blood  :-To  neutralise  the  blood,  tar- 
taric acid  in  tlfe  above  concentration  is  used.  Prepare  the  follo^ylng  mixtures  by  mixing  the 
tartaric  acid  solution  with  a  concentrated  neutral  solution  of  sodic  sulphate,  and  hen  adding 
sodic  sulphate  until  the  mixture  is  completely  saturated.  I  10  P^^ts  of  solution  of  tai tarn 
acid  to  100  parts  of  concentrated  sodic  sulphate  solution  ;  II.,  20  parts  tartaric  acid  solution  to 
90  sodic  sulphate  solution  ;  III.  contains  these  substances  m  the  pr^^  ^qVto  2o'.  and 

40  to  70  •  Y    50  to  60  ;  YL,  60  to  50  ;  YIL,  70  to  40  ;  YIIL,  80  to  30  ;  IX.,  90  to  20  ,  and 
X.,  100  to  10.'    Excess  of  sodic  sulphate  is  present  in  all  the  flasks. 

A  known  volume  of  the  blood  to  be  investigated  is  mixed  with  an  equal  volume  of  each  of 
thf  mi^tres,  in  a  small  tube,  which  is  made  by  drawing  out  a  glass  tube  1  mill^^^^^^^^ 
diameter  to  a  fine  point.  To  calibrate  this  tube,  suck  up  water,  say,  to  the  height  ot  8  mm., 
tke  a  mark  on  tL  tube  with  a  fine  file,  then  suck  up  the  water  until  -/^^S'^ 
snonds  with  the  mark.  Again  mark  the  upper  limit  of  the  water,  lo  test  the  blood,  suck  a 
dCp  of  the  mixture  I.  up  to  the  level  of  the  first  mark  on  the  glass  pipette,  and  after  wiping 
its  poin  su?k  up  an  eqial  quantity  of  blood.  Again  clean  the  point  of  the  pipette,  and  blow 
oTten^rhito^i  watch-glass  ;  then  mix,  and  test  the  reaction  with  sensitive  -olet^co  oured 
litmus  paper.  Proceed  in  the  same  way  with  the  several  mixtures  II.  to  X.,  unt  1  the 
aSne  Son  disappears  or  the  acid  appears.  The  narrow  strips  of  litmus  paper  are  dipped 
ii^to  Lh  of  th^^^^^^  the  corpuscles  remain  in  the  wetted  part  of  the  paper,  while  the 
Slid  peimeates^^  and  shows  the  reaction.    As  a  rule,  the  degree  of  alkalinity  m  human 

Wood^of  adul  s  c^^^^^  to  YL,  and  in  children  to  lY.    Human  blood  can  be  sucked  dii-ect^^^ 

from  a  small  wound  made  by  a  needle,  either  by  attaching  an  elastic  tube  or  a  small  hypodeimic 

'TSlZl^Z  Suni?y  is  increased  during  persistent  vomiting,  and  decreased  in  pi.- 
nounced  aLmia  cachexia,  uraemia,  rheumatism,  high  fever,  diabetes,  m  poisoning  with  CO 
Segeneratioir^^^^  cholera.    [Immediately  before  death  by  cholera  it  may  be  acid 

{Gantani).] 

(3)  Odour.— Blood  emits  a  peculiar  odour,  the  halitus  sanguinis,  which  differs 
in  animals  and  man. 

It  depends  upon  the  presence  of  volatile  fatty  acids.  If  concentrated  sulphuric  acid  [H 
vo  s  l  Kdded  to  blood,  whereby  the  volatile  fatty  acids  are  set  free  from  their  combinations 
with  alkalies'  the  characteristic  odour,  somewhat  similar  to  that  of  butyric  acid,  becomes  much 
more  perceptible. 

(4)  Taste.— Blood  has  a  saline  taste,  depending  upon  the  salts  dissolved  in  the 
fluid  of  the  blood.  .     .  .  .^^^ 

(5)  Specific  Gravity.— The  specific  gravity  is  1056-1059  m  man,  1051-1055 
in  woman ;  in  children  less.  The  specific  gravity  of  the  blood-corpuscles  is  1105, 
that  of  the  plasma  1027.    Hence  the  corpuscles  tend  to  sink. 
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MICROSCOPIC  EXAMINATION  OF  BLOOD. 
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Clinical  Method. — A  thin  glass  tube  is  drawn  out  till  it  is  of  small  calibre,  and  then  bent  at 
a  right  angle,  and  closed  above  with  a  caoutchouc  cap,  thus  forming  a  small  pipette.  With 
this  pipette,  suck  up  a  drop  of  freshly-drawn  blood  obtained  by  pricking  the  finger.  The  fine 
capillary-tube  is  at  once  immersed  in  a  solution  of  sodic  sulphate,  and  a  drop  of  the  blood 
expressed  into  the  saline  solution.  It  is  necessary  to  prepare  several  solutions  of  sodic  sulphate 
with  specific  gravities  varying  from  1050-1070.  The  solution  in  which  the  corpuscles  remain 
suspended  indicates  the  specific  grav^ity  of  the  blood  {Roy,  Laiidois). 

The  drinking  of  water  and  hunger  diminish  the  specific  gravity  temporarily,  while  thirst  and 
the  digestion  of  dry  food  raise  it.  If  blood  be  passed  through  an  organ  artificially,  its  specific 
gravity  rises  in  consequence  of  the  absorption  of  dissolved  matters  and  the  giving  off  of  water. 
It  falls  after  htemorrhage,  and  is  diminished  in  badly-nourished  individuals.  [By  working 
with  solutions  of  glycerine,  Jones  finds  that  it  is  the  highest  at  birth,  and  at  a  minimun° 
between  the  second  week  and  the  second  year  ;  it  rises  gradually  until  the  35th-45th  year.  It 
is  usually  higher  in  the  male  than  the  female,  is  diminished  'by  pregnancy,  the  ingestion  of 
solid  or  liquid  food,  and  gentle  exercise.] 

[(6)  Temperature.— Blood  is  viscid,  and  its  temi^erature  varies  from  36-5°  C, 
(97-7°  F,)  to  37-8°  (100°  F,).  The  warmest  blood  in  the  body  is  that  of  the 
hepatic  vein  (§210).] 

2.  MICROSCOPIC  EXAMINATION.— [Blood,  when  examined  by  the  micro- 
scope, is  seen  to  consist  of  an  enormous  number  of  corpuscles — coloured  and 
colourless— floating  in  a  transparent  fluid,  the  plasma,  or  liquor  sanguinis, 
together  with  the  blood-plates  or  platelets.] 

/•^  ß 


Fig.  1. 

A,  human  coloured  blood-corpuscles— 1,  on  the  flat ;  2,  on  edge  ;  3,  rouleau  of  coloured  cor- 
puscles. B,  amphibian  coloured  blood-corpuscles— 1,  on  the  flat ;  2,  on  edge.  C,  ideal 
transverse  section  of  a  human  coloured  blood-corpuscle  magnified  5000  times  linear— ao, 
diameter  ;  cd,  thickness. 

I.  Human  Red  Blood-Corpuscles.—  (a)  Form.— They  are  circular,  coin-shaped, 
homogeneous  discs,  with  saucer-Hke  depressions  on  both  surfaces,  and  with 
rounded  margins;  in  other  words,  they  are  bi-concave,  circular  non-nucleated 
discs  (figs.  1,  A ;  5). 

(6)  Size.— The_  diameter  (ah)  is  7-7/>t,i  (6-7-9-3/>t)  the  greatest  thickness^(c^^) 
1-9/x  (fig.  1,  C),  [i.e.,  it  is  -^^-^  to  of  an  inch  in  diameter,  and  'about "one- 
fourth  of  that  in  thickness]. 

They  are  slightly  diminished  in  size  by  septic  fever,  inanition,  morphia,  increased  bodily 
temperature,  and  QO.^,  and  increased  by  0,  watery  condition  of  the  blood,  cold,  consumption 
of  alcohol,  quinine,  and  hydrocyanic  acid.    Compare  §  10,  2. 

If  the  total  amount  of  blood  in  a  man  be  taken  at  4400  cubic  centimetres,  the  corpuscles, 

^  The  Greek  letter  ii  represents  one-thousandth  of  a  millimetre  (^  =  0-001  mm.),  and  is  the 
sign  of  a  micro -millimetre,  or  a  micron. 
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therein  contained  have  a  surface  of  281fi  square  metres,  which  is  equal  to  a  square  surface  with 
.  ^de  of  80  rces  176  cubic  centimetres  of  Llood  pass  through  the  lungs  in  a  second,  and  the 
blood%orp,s^cres  iA  thVs  amount  of  blood  have  a  superficies  of  81  square  metres,  equal  to  a  square 
surface  with  a  side  of  13  paces  ( JVelcker). 

(c)  The  weight  of  a  blood-corpuscle  is  0*00008  milligram. 

\(d)  Colour  and  Transparency.— Each  corpuscle  is  of  a  light  straw-yellow  colour ; 
but  when  seen  en  masse  the  corpuscles  are  red.  They  are  fairly  transparent ;  thus 
the  outhne  of  one  corpuscle  can  be  distinctly  seen  through  another  corpuscle  lying 

""^Te)  The  number  exceeds  5,000,000  per  cubic  millimetre  in  the  male,  and 
4  500  000  in  the  female  ;  so  that,  in  10  lbs.  of  blood,  there  are  25  bülions  of 
corr)uscles  The  number  is  in  inverse  ratio  to  the  amount  of  plasma  ;  hence,  the 
number  must  vary  with  the  state  of  contraction  of  the  blood-vessels,  the  pressure, 
diffusion  currents,  and  other  conditions. 

ÄThe  number  of  red  corpuscles  is  increased  ;  in  venous  blood  (especially  in  the  small  cutaneous 
finS  aXr  the  use  of  solid  food,  after  much  sweating,  and  the  excretion  of  much  water  by 
Te  Wei  and  H  .  during  inanition,  because  the  blood-plasma  undergoes  decomposition 
Soner  tha^the  blooicorpuscles  themselves  ;  in  the  blood  of  the  newly-born  child,  especially 


r 


Fisr.  2. 


Apparatus  of  Abbe  and  Zeiss  for  counting  the 
corpuscles.  A,  in  section  ;  C,  surface  view 
without  cover-glass  ;  B,  microscopic  appear- 
ance with  the  blood-corpuscles. 


Fig.  3. 

The  Melangeur  pipette 


or  mixer. 


when  the  umbilical  cord  is  long  in  being  tied  (§  40)  from  the  4th  day  onward  the  number  is 
diminished;  in  persons  of  robust  constitution  and  m  those  who  live  m  the  country  The 
number  is  diminished,  during  pregnancy,  and  after  copious  draughts  of  water.  In  the 
earlier  period  of  foetal  life  the  number  is  only  ^-1  milhon  m  1  cubic  miUimetre.  (For  the 
pathological  conditions  see  §  10. ) 
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Methods  of  Counting  the  Blood-Corpuscles. — The  pointed  end  of  a  glass  pipette  (fig,  3),  the 
mixer,  is  dipped  into  the  blood,  and  by  sucking  the  elastic  tube  /,  blood  is  drawn  into  the 
tube  until  it  reaches  the  mark  ^,  on  the  stem  of  the  pipette,  or  until  the  mark  1  is  reached. 
The  carefully- cleaned  point  of  the  pipette  is  dipped  into  the  artificial  serum,  and  this  is  sucked 
into  the  pipette  until  it  reaches  the  mark,  101.  The  artificial  serum  consists  of  1  vol.  of  solu- 
tion of  gum  arable  (sp.  gr.  1020)  and  3  vols,  of  a  solution  of  equal  parts  of  sodic  sulphate  and 
sodic  chloride  (sp.  gr.  1020).  The  process  of  mixing  the  two  fluids  is  aided  by  the  presence  of  a 
little  glass  ball  {a)  in  the  bulb  of  the  pipette.  If  blood  is  sucked  up  to  the  mark  ^,  the  strength 
of  the  mixture  is  1  :  200  ;  if  to  the  mark  1,  it  is  1  :  100  ;  a  small  drop  of  the  mixture  is 
allowed  to  run  into  the  counting -chamber  of  Abbe  and  Zeiss  (fig.  2).  The  first  portions  are 
not  used,  in  order  to  obtain  a  uniform  sample  from  the  bulb  of  the  pipette.  This  chamber  con- 
sists of  a  glass  receptacle  O'l  mm.  deep,  with  its  base  divided  into  squares,  and  cemented  to  a 
glass  slide,  the  whole  being  covered  with  a  thin  covering-glass.  The  space  over  each  square  = 
-^-^■^-^  cubic  millimetre.  Count,  with  the  aid  of  a  microscope,  the  number  of  blood-corpuscles  in 
each  square,  and  the  number  found,  multiplied  by  4000,  will  give  the  number  of  blood- 
corpuscles  in  1  c.mm.  This  number,  again,  must  be  multiplied  by  100  or  200,  according  as 
the  blood  was  diluted  100  or  200  times.  To  ensure  greater  accuracy,  it  is  well  to  count  the 
number  in  several  squares,  and  to  take  the  mean  of  these. 

[Gowers'  method.  —  "The  Haemacytometer  (fig.  4)  consists  of — (1)  a  small  pipette,  which, 
when  filled  to  the  mark  on  its  stem,  holds  exactly  995  cubic  millimetres.  It  is  furnished  with 
an  india-rubber  tube  and  mouthpiece  to  facilitate  filling  and  emptying.    (2)  A  capillary  tube 


Fig.  4. 

Gowers'  apparatus.  A,  pipette  for  measuring  the  diluting  solution ;  B,  capilllary  tube  for 
measuring  the  blood;  C,  cell  with  divisions  on  the  floor,  mounted  on  a  slide  ;  D,  vessel 
in  which  the  dilution  is  made  ;  E,  glass  stirrer  ;  F,  guarded  spear-pointed  needle. 

marked  to  contain  exactly  5  cubic  millimetres,  with  india-rubber  tube  for  filling,  &c.  (3)  A 
small  glass  jar  in  which  the  dilution  is  made.  (4)  A  glass  stirrer  for  mixing  the  blood  and 
solution  in  the  glass  jar.  (5)  A  brass  stage  plate,  carrying  a  glass  slip,  on  which  is  a  cell,  i  of 
a  millimetre  deep.  The  bottom  of  this  is  divided  into  ^  millimetre  squares.  Upon  the  top  of 
the  cell  rests  the  cover-glass,  which  is  kept  in  its  place  by  the  pressure  of  two  springs  proceed- 
ing from  the  ends  of  the  stage  plate. "  The  diluting  solution  used  is  a  solution  of  sodic  sulphate 
in  distilled  water,  sp.  gr.  1025,  or  the  following  :— sodic  sulphate,  104  grains  ;  acetic  acid,  1 
drachm  ;  distilled  water,  4  oz. 

"  995  cubic  millimetres  of  the  solution  are  placed  in  the  mixing  jar  ;  5  cubic  millimetres  of 
blood  are  drawn  into  the  capillary  tube  from  the  puncture  in  the  finger,  and  then  blown  into 
the  solution.  The  two  fluids  are  well  mixed  by  rotating  the  stirrer  between  the  thumb  and 
finger,  and  a  small  drop  of  this  dilution  is  placed  in  the  centre  of  the  cell,  the  covering-glass 
gently  put  upon  the  cell,  and  secured  by  the  two  springs,  and  the  plate  placed  upon  the  stage 
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Fig.  5. 

Drop  of  human  blood  showing  some  of  the 
red  corpuscles  in  rouleaux. 


of  the  microscope.  The  lens  is  then  focussed  for  the  squares.  In  a  few  minutes  the  corpuscles 
havrsuTk  to  tlfe  bottom  of  the  cell,  and  are  seen  at  rest  on  the  squares.  _  The  number  in  ten 
squares^? then  ^^^^^^       and  this,  multiplied  by  10,000,  gives  the  number  m  a  cubic  millimetre 

""^To" estimate  the  colourless  corpuscles  only,  mix  the  blood  with  10  parts  of  O'ö  per  cent, 
solution  of  acetic  acid,  which  destroys  all  the  red  corpuscles  {Ihoma). 

3  HISTOLOGY  OF  THE  HUMAN  RED  BLOOD-COKPUSCLES  AND  THE 
EFFECT  OF  REAGENTS.— When  observed  singly,  human  red  blood-corpuscles 

are  bi-concave  circular  discs  of  a  yellow 
colour  with  a  slight  tinge  of  green;  they 
seem  to  be  devoid  of  an  envelope,  are  cer- 
tainly non-nucleated,  and  appear  to,be  homo- 
geneous throughout  (fig.  5;.  Each  corpuscle 
consists  (1)  of  a  framework,  an  exceedingly 
pale,  transparent,  soft  protoplasm  —  the 
stroma ;  and  (2)  of  the  pigment  or  haemo- 
globin, which  impregnates  the  stroma,^  much 
as  fluid  passes  into  and  is  retained  in  the 
interstices  of  a  bath-sponge. 

(A)  Effects  of  reagents  on  their  Vital 
Phenomena. — The  blood-corpuscles  present 
in  shed  blood—  or  even  in  defibrinated  blood, 
when  it  is  reintroduced  into  the  circulation- 
retain  their  vitality  and  functions  undimin- 
ished. Heat  acts  powerfully  on  their  vitality, 
for  if  blood  be  heated  to  52°  C,  the  vitality  of 

  tl^e  j-ecL  corpuscles  is  destroyed.  Mammalian 

blood  may  be  kept  for  four  or  five  days  in  a  vessel  under  iced  water,  and  still  retain 
its  functions ;  but  if  it  be  kept  longer,  and  reintroduced  into  the  circulation  the 
corpuscles  rapidly  break  up— a  proof  that  they  have  lost  their 
vitality.    The  red  corpuscles  in  freshly  shed  blood  sometimes  ex- 
hibit a  pecuHar  mulberry-like  appearance  (figs.  6,  7,  g,  li).    [This  is 
called  crenation  of  the  coloured  corpuscles.    It  occurs  m  cases  ot 
poisoning  with  Calabar  bean ;  and  also  by  the  addition  of  a  2 
Yw  6         per  cent,  solution  of  common  salt.]    The  blood  of  many  persons 
Crenation  of  human  crenates  spontaneously-a  condition  ascribed  to  an  active  contrac- 
red    blood  -  cor-  tion  of  the  stroma,  but  it  is  doubtful  if  this  is  the  cause,    ihe  lecl 
puscles.  X  300.   corpuscles  of  the  embryo-chick  undergo  active  contraction. 
(B)  On  their  External  Characters.— (a)  The  colour  is  changed  by  many  gases. 
0  makes  blood  scarlet,  want  of  0  renders  it  dark  bluish-red,  CO  makes  it  cherry- 
red  NO  violet-red.    There  is  no  difference  between  the  shape  of  the  corpuscles  in 
arterial  and  venous  blood.    All  reagents  {e.g.,  a  concentrated  solution  of  sodic 
sulphate),  which  cause  great  shrinking  of  the  coloured  corpuscles,  produce  a  very 
bright  scarlet  or  brick-red  colour.    The  red  colour  so  produced  is  quite  different 
from  the  scarlet-red  of  arterial  blood.    Reagents  Avhich  render  blood-corpuscles 
globular  darken  the  blood,  e.g.,  water. 

[The  contrast  is  very  striking,  if  we  compare  blood  to  which  a  10 
salt  has  been  added  with  blood  to  which  water  has  been  added     With  reflected  light  the  one 
is  bright  red,  and  the  other  a  very  dark  deep  crimson,  almost  black.  J 

{h)  Formation  of  Rouleaux.— A  very  common  phenomenon  in  shed  blood  is 
the  tendency  of  the  corpuscles  to  run  into  rouleaux  (figs.  1,  A3;  5). 

Conditions  that  increase  the  coagulability  of  the  blood  favour  this  P?^^^°«;™' ;f  ^f^.,;^ 
ascribed  by  Dogiel  to  the  attraction  of  the  discs  and  the  formation  of  a  sticky  s^^bstance  [Tlie 
cause  of  the  formation  of  rouleaux  is  by  no  means  clear.  The  corpuscles  may  be  ^e  acl^^ed  f  om 
each  other  by  gently  touching  the  cover-glass,  but  the  rouleaux  may  re-form.    Listei  suggested 
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that  the  surfaces  of  the  corpuscles  were  so  altered  that  they  became  adhesive.  Norris  made  ex- 
periments with  corks  weighted  with  tacks  or  pins,  so  as  to  produce  partial  submersion  of  the  cork 
discs.  These  discs  rapidly  cohere,  owing  to  capillarity,  and  form  rouleaux.  If  the  discs  be 
completely  submerged  they  remain  apart,  as  occurs  with  unaltered  blood-corpuscles  within  the 
blood-vessels.  If,  however,  the  corpuscles  be  dipped  "in  petroleum,  and  then  placed  in  water, 
rouleaux  are  formed.]  If  reagents  which  cause  the  corpuscles  to  swell  up  be  added  to  the  blood, 
the  corpuscles  become  globular  and  the  rouleaux  break  up.  According  to  E.  Weber  and  Suchard, 
the  uniting  medium  is  not  fibi'in  (although  it  may  sometimes  assume  a  fibrous  form),  but  belongs 
to  the  peripheral  layer  of  the  corpuscles. 

(c)  Changes  of  Form. — The  discharge  of  a  Leyden  jar  causes  the  corpuscles  to 


Fig.  7. 

Red  blood-corpuscles.  «,  h,  normal  human  red  corpuscles,  the  central  depression  more  or  less 
in  focus  ;  c,  cl,  e,  mulberry,  and  g,  h,  crenated  forms  ;  k,  pale  corpuscles  decolorised  by 
water  ;  I,  stroma  ;  /,  frog's  blood-corpuscle  acted  on  by  a  strong  saline  solution. 

crenate,  so  that  their  surfaces  are  beset  with  coarse  or  fine  projections  (fig.  7,  c,  d, 

e,  g,  h);  it  also  causes  the  corpuscles  to  assume  a  spherical  form  (i,  i),  and  they 

become   smaller   than   normal.    The  corpuscles 

so  altered   are   sticky,    and  run   together   like  ^^-^  Q 

drops  of  oil,  forming  larger  spheres.    The  pro-  """^^ '  ^^P^''  (5°o 

longed  action  of  the  electrical  spark  causes  the  ^ 

haemoglobin   to   separate  from  the   stroma   (k),       % ^  ^  "^^^^^^^  Q 

whereby  the  fluid  part  of  the  blood  is  reddened,  "       °  V 

while  the  stroma  is  recognisable  only  as  a  faint  """^--ilj  o?-r) 

shadow  (I).    Similar  forms  are  to  be  found  in  ''^  r?orx  """^ 

decomposing  blood,  as  well  as  after  the  action  of  O 

many  other  reagents.    Heat. — When   blood   is         o  ° 

heated,  on  a  warm  stage,  to  52°  C.  the  corpuscles  <^  o't-^ 

exhibit  remarkable  changes.    Some  of  them  become 

spherical,  others  biscuit-shaped ;  some   are   per-  Fig.  8. 

forated,  while  in  others  small  portions  become  Effect  of  heat  on  human  coloured 

detached  and  swim  about  in  the  surrounding  fluid,       blood-corpuscles.  {Stirling) 

a  proof  that  heat  destroys  the  histological  indi-       x  400. 

viduality  of  the  corpuscles  (fig.  8).  If  the  heat  be  continued,  the  corpuscles  are 
dissolved  (§  10,  3). 

The  addition  of  a  concentrated  solution  of  urea  to  blood  acts  like  heat  on  the  blood-cor- 
puscles. If  strong  pressure  be  exerted  upon  a  microscopic  preparation,  the  blood-corpuscles 
may  break  in  pieces.  The  latter  ]irocess  is  called  hsemocytotrypsis,  in  contradi^inction  to 
that  of  solution  of  the  corpuscles  or  haemocytolysis. 

If  a  finger  moistened  with  blood  be  rapidly  drawn  across  a  Avarm  slip  of  glass,  so  that  the 
fluid  dries  rapidly,  the  corpuscles  exhibit  very  remarkable  shapes,  showing  their  great  ductility 
and  softness. 

[Water  renders  the  red  corpuscles  spherical,  although  some  of  them  do  not  become  quite 
so,  as  there  remains  a  slight  depression  or  umbilicus  on  one  side  of  the  corpuscle.  Gradually 
they  are  decolorised,  and  only  the  stroma — the  outline  of  which  is  difficult  to  see — remains  in 
the  field  of  the  microscope  (fig.  7,  Tc,  I),  The  water  passes  into  the  corpuscles  by  osmosis, 
and  dissolves  out  the  heemoglobin.l 
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-  Saline  solutions  in  certain  concentrations  (2-3  per  cent.)  make  tlieni  crenated  (fig-  6)- 
[Acetic  acid  renders   them   clear  and  transparent,  and   dissolves  out   the  hfemoglobm. 
See  p.  9  for  other  acids.    Alkalies  in  very  dilute   solutions   make  them   spherical,  and 
ultimately  completely  dissolve  them.]  mi     x       4.1  e 

[Hamburger  has  studied  the  action  of  saline  solutions  of  various  strengths,  ihe  strengtli_  ot 
a  solution  m  which  the  corpuscles  remain  unaltered  he  calls  the  isotonic  or  neutral  point 
(0-64  per  cent,  for  NaCl,  and  5-59  per  cent,  of  sugar).]  .     ,  •,  ^     n  ■    ,  n 

Cytozoon— Garde's  Experiment. —A  few  drops  of  freshly-shed  frogs  blood  are  mixed  with  5 
c  c.  of  0-6  per  cent,  solution  of  common  salt,  and  the  mixture  defibrinated  by  shaking  it  along 
with  a  few  c.c.  of  mercury.  A  drop  of  the  defibrinated  blood  is  examined  on  a  hot  stage 
(80°-32°  C.)  under  a  microscope,  when  a  protoplasmic  mass,  the  so-called  "  Würmchen, 
escapes  with  a  lively  movement  from  many  corpuscles,  and  ultimately  dissolves.  Similar 
"cytozoa"  were  discovered  bv  Gaule  in  the  epithelium  of  the  cornea,  of  the  stomach  and 
intestine,  in  connective-tissue,  in  most  of  the  large  glands,  and  m  the  retina  (frog,  triton).  in 
mammals  also  he  found  similar  but  smaller  structures.  Most  probably  these  structures  are 
parasitic  in  their  nature,  as  suggested  by  Kay  Lankester,  who  called  the  parasite  Drepanidium 
ranarum. 

[Staining  Reagents.— Such  reagents  as  magenta,  picro-carmine,  carmine,  and 
many  of  the  anihne  dyes,  stain  the  nucleus  deeply  when  such  is  present,  and 
although  tliey  must  traverse  the  hsemogiobin  to  reach  the  nucleus,  the  hsemoglobni 
itself  is  not  stained.  When  no  nucleus  is  present,  therefore,  the  corpuscles  are  not 
stained.  IMagenta  causes  one  or  more  small  spots  or  maculse  to  appear  on  the  edge 
of  the  corpuscles  (fig.  9,  a).    What  its  significance  is  is  entirely  unknown,  formal 


Fig.  9. 

a,  h,  human  red  blood-corpuscles  ;  a,  acted  on  by  magenta  ;  h,  by  tannic  acid.  The  others  are 
amphibian  red  blood- corpuscles  ;  c,  d,  e,  effect  of  tannic  acid  ;  /,  of  dilute  acetic  acid  ;  cj, 
of  dilute  alcohol  ;  cl,  of  boracic  acid  [Stirling). 
saline  solution  (0'6  per  cent.  XaCl),  tinged  with  methyl  violet,  is  a  good  staining 
and  preservative  agent.  Eed  corpuscles  become  green  when  they  are  treated  with 
indigo-carmine  and  borax,  and  then  with  oxalic  acid.  By  means  of  this  reaction 
Bayerl  discovered  the  formation  of  red  corpuscles  in  ossifying  cartilage  (p.  12). 

[Agitation  with  Mercury.— If  ox  blood  be  shaken  up  with  mercury  for  7  or  8  hours,  the 
corpuscles  completely  disappear,  no  trace  of  stroma  or  corpuscles  being  found  in  the  fluid 
(Meitzerand  Welch).  The  addition  of  pyrogallic  acid  (20  percent.),  potassic  chlorate  (6  per 
cent),  and  silver  nitrate  (3  per  cent),  completely  prevents  dissolution  of  the  corpuscles,  even 
though  the  shaking  be  kept  up  for  fourteen  days.] 

If  blood  be  mixed  with  concentrated  gum  solution,  and  if  concentrated  salt  solution  be  added 
to  it  under  the  microscope,  the  corpuscles  assume  elongated  forms.  Similar  forms  are  obtained 
by  mixing  blood  with  an  equal  volume  of  gelatine  at  36°  C,  allowing  it  to  cool,  and  then 
making  sections  of  the  coagulated  mass.  The  corpuscles  may  be  broken  up  by  pressing  firmly 
on  the  cover-glass.  In  all  these  experiments  no  trace  of  an  envelope  around  the  corpuscles  is 
observed. 

4.  CONSERVATION  OF  THE  CORPUSCLES.— The  blood-corpuscles  retain  their  form  in  the 
following  fluid  : — 

Pacini's  Fluid  :—  Hayem's  Fluid  ;— 

Mercuric  chloride,  2  grams.  Mercuric  chloride,  Ü'ö  grams. 

Sodic  chloride,       4     ,,  Sodic  sulphate,         5  ,, 

Glvcerine,  26    c.c.  Sodic  chloride,         1  ,, 

Water,  226      „  Water,  200  c.c. 

Before  using  it  dilute  it  with  2  parts  water. 

]  per  cent,  osmic  acid,  0*6  per  cent.  NaCl,  and  other  fluids,  have  also  been  recommended  tor 
this  purpose.  In  order  to  investigate  fresh  human  blood  without  contact  with  air,  place  a  drop 
of  Hayem's  or  Pacini's  fluid  on  the  skin  and  prick  the  skin  through  the  drop  of  fluid.  Ihe 
blood  runs  into  and  mixes  with  the  fluid  without  coming  into  contact  with  the  air.    If  a  drop 
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of  blood  be  rapidly  dried  in  a  thin  layer  on  a  slide,  the  corpuscles  retain  their  form  and  colour  ; 
and  if  the  process  be  done  with  sufficient  rapidity,  even  the  blood-platelets  are  retained. 

In  investigating  blood  witli  the  microscope  for  forensic  purposes,  it  is  necessary  to  have  a 
solvent  for  the  blood  when  it  occurs  as  stains  on  a  garment  or  instrument.  Dried  stains  are 
dissolved  by  a  concentrated,  or  a  30  per  cent.,  solution  of  caustic  potash,  or  with  one  of  the  pre- 
serving fluids.  If  the  stain  be  softened  with  concentrated  tartaric  acid,  the  colourless  corpuscles 
are  specially  distinct  (Struve).  Nevertheless,  corpuscles  are  often  ')iot  found  in  such  stains.  If 
the  corpuscles  have  become  very  pale,  their  colour  may  be  improved  by  adding  a  solution  of 
iodide  of  potassium,  a  saturated  solution  of  picric  acid,  20  per  cent,  pyrogallic  acid,  or  3  per 
cent,  solution  of  silver  nitrate, 

5.  STROMA— LAKE-COLOURED  BLOOD.— Many  reagents  cause  the  hemo- 
globin to  separate  from  the  stroma.  The  hseniogiol^in  dissolves  in  the  serum  ;  the 
blood  becomes  dark  red  and  transparent,  as  it  contains  its  colouring  matter  in 
solution,  and  hence  it  is  called  "  lake-coloured  "  {Rollett).  The  aggregate  condition 
of  the  hsemogiobin  is  not  altered  when  the  corpuscles  are  dissolved — it  only 
changes  its  place,  leaving  the  stroma  and  passing  into  the  serum.  Hence,  the 
temperature  of  the  blood  is  not  lowered  thereby. 

Methods. — To  obtain  a  large  quantity  of  the  stroma  for  chemical  purposes  add  10  vols,  of 
a  solution  of  common  salt  (1  vol,  concentrated  solution  and  15  to  20  vols,  of  water)  to  1  vol. 
of  defibrinated  blood,  when  the  stromata  are  thrown  down  as  a  whitish  precipitate. 

For  microscopical  purposes  mix  blood  with  an  equal  volume  of  a  concentrated  solution  of 
sodic  sulphate,  and  cautiously  add  a  1  per  cent,  solution  of  tartaric  acid. 

The  following  reagents  cause  a  separation  of  the  stroma  from  the  haemoglobin,  and  thus  make 
blood  transparent  : — 

{a)  Physical  Agents.— 1.  Heating  the  blood  to  60°  C.  {Schultze)  ;  the  temperature,  however, 
varies  for  the  blood  of  different  animals.    2,  Repeated  freezing 

and  thawing  of  the  blood  {Rollett).    3,  Sparks    from  an  S^^^ 
electrical  machine  (but  not  after  the  addition  of  salts  to  tlie  v'^^^ 
blood)  (7Zo/Ze;!0;  the  constant  and  induced  currents  (i\''cmrta7Ht),       ß    vJ  /     /2\ /i 
(J)  Chemically  active  Substances  produced  within  the  Body. —      (j)  i^Ju 

4.  Bile   {Hilnefelcl)   or  bile    salts   {Plattner,    v.    Dusch).  ^^-'^ 

5.  Serum  of  other  species  of  animals  {Landois);  thus  dog's  A  ) 
serum  and  frog's  serum  dissolve  the  blood-corpuscles  "of  the          y/  ''—cs^ 
rabbit  in  a  few  minutes.    6,  The  addition  of  lake-coloured        ^         r^..  ^  ß 
blood  of  many  species  of  animals  {Landois).                                       C^^>"  /j 

(c)  Other  Chemical  Reagents,— 7,  Water,    8.  The  vapour  of  ^^^^  ^ 

chloroform  {Böttcher)  ;  ether  {v.  Wittich)  ;  amyls,  small  -^j^, 
quantities  of  alcohol  {Rollett)  :  thymol  (Marchand)  ;  nitro- „  ,  ,  °'  i  '  c  ^^  c 
benzol,  paraldehyde,  ethylic  ether,  aceton,  petroleum  ether,  ^^^^^^jood-corpuscles  of  the  frog 
&c,  {L.  Lewin).  9.  Antimoniuretted  hydrogen,  arseniuretted  ^^^^^  °"  "^^"P  {^^tirting). 
hydrogen;  carbon  bisulphide;  boracic  acid  (2  per  cent.),  added  to  the  amphibian  blood, 
causes  the  red  mass  (which  also  encloses  the  nucleus  when  such  is  present),  the  so-called 
zooid,  to  separate  from  the  oecoid  (fig.  9,  d).  Thezooid  may  shrink  from  the  periphery  of  the 
corpuscle,  or  it  may  pass  out  of  the  corpuscle  altogether  (^rücfe)  ;  Brücke  regards  the  stroma 
in  a  certain  sense  as  a  house,  in  which  the  remainder  of  the  substance  of  the  corpuscle,  the  chief 
part  endowed  with  vital  phenomena,  lives.  11,  Strong  solutions  of  acids  dissolve  the  cor- 
puscles ;  more  dilute  solutions  cause  precipitates  in  the  hsemoglobin.  This  is  easily  seen  with 
carbolic  acid  {Hills  and  Landois,  Stirling  and  Rannie).  12.  Alkalies  of  moderate  strength 
cause  sudden  solution.  A  10  per  cent,  solution  of  potash  placed  at  the  edge  of  a  cover- 
glass,  shows  the  process  of  solution  going  on  under  the  microscope.  At  first  the  corpuscles 
become  globular,  and  so  appear  smaller,  but  afterwards  they  burst  like  soap-bubbles.  13. 
Such  salt  solutions,  which  in  plants  cause  a  separation  of  the  protoplasm  from  the  cell-mem- 
bi-ane  (plasmolysis),  make  ox-blood  lake-coloured,  [14.  NH4CI  injected  into  the  blood  causes 
vacuolation  of  the  red  corpuscles  {Bohritzky).  15.  Sodic  salicylate,  benzoate,  and  colchicin 
dissolve  the  red  corpuscles  {N.Paton).] 

[Tannic  Acid. — A  freshly  prepared  solution  of  tannic  acid  has  a  remarkable  effect  on  the 
coloured  blood-corpuscles  of  man  and  animals — causing  a  separation  of  the  haemoglobin  from 
the  stroma  (  JV.  Roberts).  The  usual  effect  is  to  produce  one  or  more  granular  buds  of  hfemo- 
globin  on  the  side  of  the  corpuscles  (fig,  9,  h,  c)  ;  more  rarely  the  haemoglobin  collects  around 
the  nucleus,  if  such  be  present  (fig.  9,  d),  or  is  extruded,  as  shown  in  fig.  9,  c] 

[Ammonium  or  Potassium  Sulphocyanide  removes  the  haemoglobin,  and  reveals  a  reticular 
structure — intra-miclear  plexus  of  fibrils  {Stirling  and  Rannie).'] 

[Syrup  causes  some  of  the  red  corpuscles  to  become  twisted,  and  to  exhibit  redder  patches  in 
them  (fig,  10).] 
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The  Amount  of  Gases  in  the  blood  exercises  an  important  influence  on  their  solubility.  The 
corpuscles  of  venous  blood,  which  contains  much  COo,  are  more  easily  dissolved  than  those  of 
arterial  blood  ;  while  between  both  stands  blood  containing  CO.  When  the  gases  are  com- 
pletely removed  from  the  blood,  it  becomes  lake-coloured. 

Salts  increase  the  resistance  of  the  corpuscles  to  physical  means  of  solution, 
while  they  facilitate  the  action  of  chemical  solvents. 

If  certain  salts  be  added  in  substance  to  blood,  they  make  blood  lake-coloured  ;  potassic 
sulphocyanide,  sodic  chloride,  &c.  {Koioaleiosky). 

Resistance  to  Solvents.— The  red  blood-corpuscles  offer  a  certain  degree  of 
resistance  to  the  action  of  solvents. 

Method.— Mix  a  small  drop  of  blood  with  an  equal  volume  of  a  3  per  cent,  solution  of  sodic 
chloride,  and  then  add  distilled  water  until  all  the  coloured  corpuscles  are  dissolved.  Fill  the 
mixer  (fig.  3)  up  to  the  mark  1  with  blood  obtained  by  pricking  the  finger,  and  blow  this  blood 
into  an  equal  volume  of  a  3  per  cent,  solution  of  NaCl  previously  placed  in  a  hollow  m  a  glass 
slide  Mix  the  fluids,  and  the  corpuscles  will  remain  undissolved.  By  means  of  the  pipette 
add  distilled  water,  and  go  on  doing  so  until  all  the  corpuscles  are  dissolved  ;  which  is  ascertained 
with  the  microscope.  In  normal  blood,  solution  of  the  corpuscles  occurs  after  30  volumes  ot 
distilled  water  have  been  added  to  the  blood  (Z^fMif^o/s).  _ 

There  are  some  individuals  whose  blood  is  more  soluble  than  that  of  others  ;  their  corpuscles 
are  soft,  and  readily  undergo  changes.  Many  conditions,  such  as  cholfemia,  poisoning  with 
substances  which  dissolve  the  corpuscles,  and  a  markedly  venous  condition  of  the  blood,  attect 
the  corpuscles.  Interesting  observations  may  be  made  on  the  blood  in  infectious  diseases, 
hsemoglobinuria,  and  in  cases  of  burning.  In  anemia  and  fever,  the  capacity  for  resistance 
seems  to  be  diminished. 

6.  FORM  AND  SIZE  OF  THE  BLOOD-CORPUSCLES  OF  ANIMALS.— 

All  mammals  (with  the  exception  of  the  camel, 
i^/*-  llama,  alpaca,  and  their  allies),  and  the  cyclo- 

/|%  storaata  amongst  fishes,  e.g.,  Petromyzon,  possess 

<^  circular    bi-concave    non-nucleated  disc-shaped 

coloured  corpuscles.  Elliptical  corpuscles  with- 
out a  nucleus  are  found  in  the  above-named 
mammals,  while  all  birds,  reptiles,  amphibians 
(fig.  1,  B,  1,  2),  and  fishes  (except  cyclostomata) 
have  nucleated  elliptical  bi-convex  corpuscles  (fig. 
•  11).  [The  corpuscles  have  a  yellow  colour,  and 
are  transparent.  The  area  occupied  by  the  nucleus 
is  less  coloured  than  the  homogeneous  perinuclear 
part]. 

11_  Amongst  vertebrates  amphioxus  has  colourless  blood. 

,   ^„  Iii    T  1     The  large  blood-corpuscles  of  many  amphibia,  e.gf.,  am- 

Bloodof  frog,  a  red-blood  corpuscle     . -^^^^        ^i^^^^iJ  ^o  the  naked  eye.    The  blood-cor- 
seen  on  the  flat,  h  in  profile   c  '^^^      ^^^^  ^  H)  contain,  in  addition  to  a 

three-quarter  face  ;  some  of  the  ^^^^  ^  nucleolus  {Auerbach,  Ranvicr),  [and  the  same 
red  corpuscles  show  vacuoles  [v)  ;  ^^^^^  ^^^^  coloured  corpuscles  of  the  newt  {SHrlmci). 
II,  colourless  corpuscle  at  rest ;  ^j^^  nucleolus  is  revealed  by  acting  on  the  corpuscles 
7;i,  one  with  araceboid  processes.  ^.^^^^^  ^^^^^^^^        alcohol;   2,  water;  Eanvier's 

^'alcool  au  tiers  "  (fig.  9,  ^).]  It  is  evident  that  the  larger  the  blood-corpuscles  are  the  smaller 
must  be  the  number  and  total  superficies  of  the  corpuscles  in  a  given  volume  ot  blood,  in 
birds  however,  the  number  is  relatively  larger  than  in  other  classes  of  vertebrates,  notwitfi- 
standing  the  larger  size  of  their  corpuscles  ;  this,  doubtless,  has  a  relation  to  the  very  energetic 
metabolism  that  takes  place  in  birds  {Malassez).  Amongst  mammals,  Carnivora  have  more 
blood-corpuscles  than  herbivora.  Goat's  blood  contains  9,720,000  corpuscles  per  cubic  milli- 
metre •  llama's,  13,000,000  ;  bullfinch's,  3,600,000  ;  lizard's,  1,420,000  ;  frogs,  404,000  ;  and 
that  of  proteus,  36,000  [Welckcr).  In  hybernating  animals  the  number  diminishes  from 
7,000,000  to  2,000,000  per  cubic  millimetre.  No  relation  exists  between  the  size  of  the  animal 
and  that  of  its  blood-corpuscles. 

The  invertebrata  generally  have  colourless  blood,  with  colourless  corpuscles  ;  but  the  earth- 
worm and  the  larva?  of  the  large  gnats,  &c.,  have  red  blood  whose  plasma  contains  hsemoglobin, 
while  the  blood-corpuscles  themselves  are  colourless.    Many  invertebrates  possess  red,  violet, 
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brown,  or  green  opalescent  blood  with  colourless  corpuscles  (amoeboid  cells).  In  cephalopods, 
and  some  crabs  the  blood  is  blue,  owing  to  the  presence  of  a  colouring  matter  (haemocyanin), 
which  contains  copper,  and  combines  with  0. 


Size  (ha =0-001  Millimetre) 


Of  the  Disc-shaped 
Corpuscles. 


Elephant,  . 

.    9-4  ij. 

Man,  . 

.    7-7  „ 

Dog,    .  . 

■    7-3  „ 

Rabbit, 

•  6*9,, 

Cat,  . 

.  6-.5„ 

Sheep, 

.    5-0  „ 

Goat,  . 

.    4-1  „ 

Musk-deer,  . 

.    2-5  „ 

Of  the  Elliptical  Corpuscles. 


Short  Diameter. 


Llama, 
Dove,  . 
Frog,  . 
Triton, 
Proteus, 


4-0 

6-5  „ 
15-7  „ 
19-5  „ 
35-0 


Long  Diameter, 


8-0  ij. 
14-7  „ 
22-3  ,, 
29-3  „ 
58-0 


The  corpuscles  of  Amphiuma  are  nearly  one-third  larger 
than  those  of  Proteus  {Riddel). 


7.  ORIGIN  OF  THE  RED  BLOOD-CORPUSCLES.— (A)  During  Embryonic 
Life. — Blood-corpuscles  are  developed  in  the  fowl  during  the  first  days  of  em- 
bryonic life.  [They  appear  in  groups  within  the  large  branched  cells  of  the 
mesoblast,  in  the  vascular  area  of  the  blastoderm  outside  the  developing  body  of 
the  chick,  where  they  form  the  "blood-islands"  of  Pander.  The  mother-cells 
form  an  irregular  network  by  the  union  of  the  processes  of  adjoining  cells,  and 
meantime  the  central  masses  split  up,  and  the  nuclei  multiply.  The  small 
nucleated  masses  of  protoplasm,  which  rej)resent  the  blood-corpuscles,  acquire  a 
reddish  hue,  while  the  surrounding  protoplasm,  and  also  that  of  the  processes, 
becomes  vacuolated  or  hollowed  out,  constituting  a  branching  system  of  canals ; 
the  outer  part  of  the  cells  remaining  with  their  nuclei  to  form  the  walls  of  the 
future  blood-vessels.  A  fluid  appears  within  this  system  of  branched  canals  in 
which  the  corpuscles  lie,  and  gradually  a  communication  is  established  with  the 
blood-vessels  developed  in  connection  with  the  heart.  According  to  Klein,  the 
nuclei  of  the  protoplasmic  wall  also  proliferate,  and  give  rise  to  new  cells,  which 
are  washed  away  to  form  blood-corpuscles.]  At  first  the  corpuscles  exhibit 
amoeboid  movements,  are  devoid  of  pigment,  nucleated,  globular,  larger  and  more 
irregular  than  the  permanent  corpuscles.  They  become  coloured,  retain  their 
nucleus,  and  are  capable  of  undergoing  multiplication  by  division ;  Eemak 
observed  all  the  stages  of  the  process  of  division,  which  is  best  seen  from  the  3rd 
to  the  5th  day  of  incubation.  Increase  by  division  also  takes  place  in  the  larvae 
of  the  salamander,  triton,  and  toad  (Flemming);  and  during  the  intra-uterine  life 
of  a  mammal,  in  the  spleen,  bone-marrow,  tlie  liver,  and  the  circulating  blood 
{Bizzozero). 

Keumann  found  in  the  liver  of  the  embryo  protoplasmic  cells  containing  red 
blood-corpuscles.  Cells,  some  with,  others  without,  haemoglobin,  but  with  large 
nuclei,  have  been  found.  These  cells  increase  by  division,  their  nucleus  shrivels, 
and  they  ultimately  form  blood-corpuscles  (Löiüit).  The  spleen  is  also  regarded 
as  a  centre  of  their  formation,  but  this  seems  to  be  the  case  only  during  embryonic 
life  {Neumann).  Here  the  red  corpuscles  are  said  to  arise  from  yellow,  round, 
nucleated  cells,  which  represent  transition  forms.  Foa  and  Salvioli  found  red 
corpuscles  forming  endogenously  within  large  protoplasmic  cells  in  lymphatic 
glands.  In  the  later  period  of  embryonic  life  the  characteristic  non-nucleated 
corpuscles  seem  to  be  developed  from  the  nucleated  corpuscles.  The  nucleus 
becomes  smaller  and  smaller,  breaks  up,  and  gradually  disappears.  In  the  human 
embryo  at  the  fourth  week  only  nucleated  corpuscles  are  found  ;  at  the  third 
month  their  number  is  still        of  the  total  corpuscles,  while  at  the  end  of  foetal 
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life  nucleated  blood-corpuscles  are  very  rarely  found.  Of  course,  in  animals  with 
nucleated  blood-corpuscles  the  nucleus  of  the  embryonic  blood-corpuscles  remains. 

(B)  During  Post  Embryonic  Life. — KöUiker  assumed  that  in  the  tail  of  the 
tadpole  capiUaries  are  formed  by  the  anastomoses  of  the  processes  of  branched  and 
radiating  connective-tissue  corpuscles.  These  corpuscles  lose  their  nuclei  and 
protoplasm,  become  hollowed  out,  join  with  neighbouring  capillaries,  and  thus 
form  new  blood-channels.  J.  Arnold  and  Golubew  oppose  this  view,  asserting 
that  the  blood-capillaries  in  the  tail  of  the  tadpole  give  off  solid  buds  at  diflerent 
places,  which  grow  more  and  more  into  the  surrounding  tissues,  and  anastomose 
with  each  other;  after  their  protoplasm  and  contents  disappear,  they  become 
hollow,  and  a  branched  system  of  capillaries  is  formed  in  the  tissues.  Ranvier 
noticed  the  same  mode  of  growth  in  the  omentum  of  newly-born  kittens. 

Young  rabbits,  a  week  old,  have  in  their  omentum  small  white  or  milk  spots 
{Ronvier),  in  which  he  "  vaso-formative  cells,"  i.e.,  highly  refractive  cells  of 
variable  shape,  with  long  cylindrical  protoplasmic  processes  (fig.  12).  In  its  re- 
fractive power  the  protoplasm  of 
these  cells  resemble  that  of 
lymph-corpuscles.  Long  rod-like 
nuclei  lie  within  these  cells  (K, 
K),  and  also  red  Uood-corpuscles 
{r,  r),  and  both  are  surrounded 
with  protoplasm.  These  vaso- 
formative cells  give  off  proto- 
plasmic processes  {a,  a),  some  of 
which  end  free,  Avhile  others  form 
a  net-work.  Here  and  there 
elongated  connective-tissue  cor- 
puscles lie  on  the  branches,  and 
^'^o-  ultimately  form  the  adventitia  of 

Formation  of  red  blood-corpuscles  within  "  vaso-for-   ^^^^     blood-vessel.      The  vaso- 

'^:^'jt-:,  ^r^^'rCrr^-lt •  ■  kTT  formative  ceUs  have  n.a„y  form.  : 

nuclei  of  the  vaso-formative  cell ;  a,  a,  processes  they  may  be  elongated  cylmtlers 
which  ultimately  unite  to  form  capillaries.  ending  in  points,  or  more  round 

and  oval,  resembhng  lymph  cells,  or  modified  connective-tissue  corpuscles. 
These  cells  are  always  the  seat  of  origin  of  non-nucleated  red  Uood-corpuscles, 
which  arise  in  the  protoplasm  of  vaso-formative  cells,  as  chlorophyll  grains  or 
starch  granules  arise  within  the  cells  of  plants.  The  corpuscles  escape  and  are 
washed  into  the  circulation,  when  the  cells,  by  means  of  their  processes,  form  con- 
nections with  the  circulatory  system.  Probably  the  vessels  so  formed_  m  the 
omenutm  are  only  temporary.  May  it  not  be  that  there  are  many  other  situations 
in  the  body  where  blood  is  regenerated  ? 

[The  observations  of  Schäfer  also  prove  the  intra-cellular  origin  of  red  l^lood- 
corpuscles,  and  although  this  mode  usually  ceases  before  birth,  still  it  is  found  m 
the  rat  at  birth.  The  protoplasm  of  the  subcutaneous  connective-tissue  cor- 
puscles, which  are  derived  from  the  mesoblast,  has  in  it  small  coloured  globules 
about  the  size  of  a  coloured  corpuscle.  The  mother-cells  elongate,  become 
pointed  at  their  ends,  and  unite  with  processes  from  adjoining  cells.  The  ceils 
become  vacuolated;  fluid  or  plasma,  in  which  the  liberated  corpuscles  float,  appears 
in  their  interior,  and  ultimately  a  communication  is  estabhshed  with  the  general 

circulation.]  .  , . 

Neumann  observed  similar  formations  in  the  embryonic  liver;  Wissotzky  m  the  rabbits 
amnion  ;  Klein  in  the  embryo  chick  ;  and  Bayerl  in  ossifying  cartilage  (p.  8)  All  these  observa- 
tions go  to  show  that  at  a  certain  early  period  of  development  blood-corpuscles  are  formed  within 
other  large  cells  of  the  mesoblast,  and  that  part  of  the  protoplasm  of  these  blood-forming  cells 
remains  to  form  the  wall  of  the  future  blood-vessel. 
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(C)  Later  Formation. — Most  observers  agree  that  the  red  bloocl-corpiiscles  are 
formed  from  special  nucleated  cells,  which  gradually  assume  the  form  and  colour 
of  the  perfect  red  corpuscle.  According  to  ^s^eumann,  however,  these  corpuscles 
are  pigmented  from  the  first.  In  the  tailed  amphibians  and  fishes,  the  spleen,  in 
all  other  vertebrates  the  red  marrow  of  bone,  are  the  seats  of  formation  of  these 
corpuscles,  which  subsequently  increase  by  division  {Neumann,  Rindfleisch, 
Bizzozero).  In  the  red  marrow  of  bone  we  can  study  all  the  stages  of  the 
transformation;  especially  pale  contractile  cells  similar  to  colourless  corpuscles,  and 
also  red  nucleated  corpuscles,  which  are  similar  to  the  nucleated  corpuscles  of  the 
embryo,  and  the  progenitors  of  the  red  corpuscles.  These  transition  cells  are  said 
by  Erb  to  be  more  numerous  after  severe  haemorrhage,  the  number  of  them 
occurring  in  the  blood  corresponding  with  the  energy  of  the  formative  process. 
After  copious  haemorrhage  these  transition  forms  appear  in  numbers  in  the  blood- 
stream. The  small  veins,  and  perhaps  the  capillaries  of  the  red  marrow  of  bone 
and  the  spleen  have  no  proper  walls,  so  that  the  red  corpuscles  when  formed  can 
pass  into  the  circulation. 

Red  or  blood-forming  marrow  occurs  in  the  bones  of  the  skull,  and  in  most  of  the  bones  of 
the  trunk,  while  the  bones  of  the  extremities  either  contain  yellow  marrow  (which  is  essentially 
fatty  in  its  nature),  or,  at  most,  it  is  only  the  heads  of  the  long  bones  that  contain  red  marrow. 
Where  the  blood-regeneration  process  is  very  active,  however,  the  yellow  marrow  may  be 
changed  into  red,  even  throughout  all  the  bones  of  the  extremities  {Nemnanii). 

[The  most  recent  observers  {Löwit,  Bizzozero,  and  Denys),  regard  the  red  and 
white  blood-corpuscles  as  being  developed  independently  of  each  other.  Löwit 
calls  the  early  stages  of  the  former  erythroblasts  and  of  the  latter  leucoblasts.  In 
the  red  marrow  of  the  bones  of  birds,  the  red  corpuscles  are  developed  within  the 
blood-vessels  of  the  marrow,  and  the  colourless  ones  in  the  tissue  which  lies  in 
the  vascular  meshes.  The  erythroblasts  are  originally  colourless,  and  between 
them  and  the  complete  red  corpuscle  there  is  a  complete  series  of  gradations.  The 
erythroblasts  have  a  large,  spherical,  central  nucleus  with  a  pronounced  nuclein 
network  and  homogeneous  or  sHghtly  granular  protoplasm.  The  leucoblasts,  on 
the  contrary,  contain  a  small  nucleus  of  variable  form,  with  numerous  nucleoH,  and 
often  placed  peripherally.  The  protoplasm  contains  many  eosinophile  granules. 
Both  exhibit  amoeboid  movement,  but  this  is  more  active  in  the  leucoblasts.  Both 
divide  by  mitosis.  Some  of  the  erythroblasts  pass  out  directly  in  the  blood-stream, 
while  the  leucocytes  in  virtue  of  their  amoeboid  movements  pass  by  diapedesis 
into  the  vessels.  Eepeated  haemorrhages  lead  to  rapid  mitotic  division  of  both  forms.] 

[In  extra-uterine  life,  in  mammals,  the  red  marrow  of  bone  is  undoubtedly  the 
chief  seat  of  the  formation  of  red  blood-corpuscles.  In  it  are  to  be  found  a  large 
number  of  nucleated  red  blood-corpuscles,  i.e.,  embryonic  forms,  which  ultimately 
lose  their  nuclei,  pass  into  the  circulation  as  perfect  red  corpuscles.  After  copious 
haemorrhage,  when  the  animal  forms  a  larger  number  of  corpuscles  than  usual, 
as  it  were  striving  to  make  up  the  deficiency,  the  number  of  nucleated  red 
corpuscles  in  the  red  blood-forming  marrow  is  greatly  increased,  and  even  parts  of 
what  was  previously  yellow  marrow  appear  somewhat  reddish.  The  blood-forming 
function  of  the  red  marrow  is  greatly  increased  after  haemorrhage  {Neumann  and 
Bizzozero).  _  Often,  however,  there  is  an  additional  factor,  as  shown  by  Bizzozero 
and  Salvioli  in  the  case  of  guinea-pigs  and  dogs.  In  these  animals  after  severe 
anaemia,  due  to  repeated  haemorrhages,  the  spleen  also  participates  in  the  formation 
of  red  corpuscles,  for  in  it  are  found  nucleated  red  corpuscles  similar  to  those  of 
the  red  marrow.] 

[In  birds  also  red  blood-corpuscles  are  formed  in  the  red  marrow,  but  so  far  as 
the  spleen  has  been  investigated,  Bizzozero  has  not  found  any  reason  to  believe 
that  this  organ  is  concerned  in  the  formation  of  red  blood-corpuscles  in  these 
animals.] 
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;;;s=>r;  Äri»V;-^«  ^^^^^^^^^     :  - 

red  marrow  and  the  colourless  ones  m 
/^■^  the  extra-vascular  parts  of  the  marrow. 

®;    P    W     The  red  corpuscles  are  formed  by  the 
/    \  \  y  ^)  fm)  mi]  mitotic  division  of   pre-existing  cells, 

M  ftJ)  ^ )  ^  ^  which  are    quite    different   from  the 

^  ^      ^  ^     colourless  corpuscles ;  their  protoplasm 

Fig.  13.  -g  j^g^gj,  granular,  but  almost  always 

A,  Red  blood-corpuscle  of  a  chick  yii^ergoing  j  j^^ous,    never    colourless,  but 

t^^:^titt^r^  ^%My  tinged  by  l^B^oglobin  they 
sho^fa  tHn  coZrless  thread  of  protoplasm  „ever  exhibit  the  hyely  amceboicl  move- 
still  connecting  the  two  daughter  corpuscles,  jngutg  of  the  white  corpuscles.  11  tlie 
red  marrow  of  any  of  the  classes  of  the  vertebrata  be  examined  especially  after 
^iXriLrorrhlges-there  will  always  be  fouml  numerous  erythroblasts  under- 
Tin  "fdasse ''of  Vertebrata,  then,  the  red  marrow  is  the  great  seat  of  the 
foS^tion  of  U  corpuscles  cU„^^^^^^^^^^^^^^ 


Z"!  ^he  cZrless  corpuscles.    If  we  study  the  fate  of  the  red  -jusc les ^^^^^^^ 

.resence  is  not  due  absolutely  to  any  one  organ.    In  the  first  phases  ot 
•„  Tffe  the  red  corpuscles  develop  and  divide  within  the  whole  vascular 
embryonrc  Ufe,ü^  r  d  corpu^scle^         a!rd  they  are  developed  in  the  liver  and 


spleen    at  a  later  pei^ocL  S  ^^^^  ^.^^^  ^^^^^^^^ 

diS  hecfaÄ  But  the  lossl  rrot  absolute  in  the  case  of  the  last  organ, 
dim  mshed  andcea  ^^^^  corpuscles  after  copious  haämorrhage. 

Äod-;!  es  aLTn  no  way'concerned  in  the  formation  of  -d  corpuscles,  they 
have  to  do  with  the  coagulation  and  other  vital  phenomena  of  the  blood.] 

m  e  baknce  of  evidence  points  to  the  formation  of  red  blood-corpusc  e  in 
tWerinc Tf e-both  in  animals  with  nucleated  and  in  those  wi  h  non-nucleated 
:o™u"cres^^^^^^^^^  process  as  in  embryonic  life  (i.e   by  mdirect  dmsion  or 

mitosis  of  a  typical  cellular  element,  which  durmg  extra-uterine  hfe  is  chiefly 
found  in  the  marrow  of  bone  (BkvMzero).] 

8  DECAY  OF  THE  RED  BLOOD-COEPUSCLES.-The  blood-corpuscles 
„nderi  decay  within  a  limited  time,  and  the  liver  is  regarded  as  one  of  the  clue 
unclergo  decay  m^^^^  disintegration  occurs,  because  bile-pigments  are  formed  from 
S^girrJ^andte  blood  of  the  hepatic  vein  contains  fewer  red  corpuscles  than 

%hfsS'pulp  contains  ceUs  which  indicate  that  coloured  corpuscles  are 
V.         untritiiin  it    These  are  the  so-called  "blood-corpuscle  contaming  cells 
ÄV  Äe's  observations  go  to  show  that  the  red  corpuscles-which  may 
9  P  from  three  to  four  weeks-when  about  to  disintegrate,  are  taken  up  by  he 
whltX"-les  in  the  hepatic  capillaries,  by  the  cells  «f        ^P^eeri  and  he 

^^^raTd^ht;™^^ 

ää:^^  ^J^^^^  Xc:;s:i?rrq 

fofrformX'n  of  nef^^^  iu  the  marrow  and  ill  the  spleen,  and 

Xo  ÄtnThe  liver,  while  a  portion  of  the  iron  is  excreted  by  the  liver  in  the 
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That  the  normal  red  blood-corpuscles  and  other  particles  suspended  in  the  blood-stream  are 
not  taken  up  in  this  way,  may  be  due  to  their  being  smooth  and  polished.  As  the  corpuscles 
grow  older  and  become  more  rigid,  they,  as  it  were  are  caught  by  the  amoeboid  cells.  As  cells 
containing  blood-corpuscles  are  very  rarely  found  in  the  general  circulation,  one  may  assume 
that  the  occurrence  of  these  cells  within  the  spleen,  liver,  and  marrow  of  bone  is  favoured  bv 
the  slowness  of  the  circulation  in  these  organs  (Quincke).  ^ 

Pathological.— In  certain  pathological  conditions,  ferruginous  substances  derived  from  the 
red  blood-corpuscles  are  found  in  masses  in  the  spleen,  the  marrow  of  bone,  and  the  capillaries 
r^fJZ)7^.\~^i}i  When  the  disintegration  of  blood-corpuscles  is  increased,  as  in  anaemia 
(^tahel).    (z)  AVhen  the  formation  of  red  blood-corpuscles  from  the  old  material  is  diminished, 
is  ^^^'^^'^'l'^  ^i^er  cells  be  prevented,  iron  accumulates  within  them  ;  it  is  also  more 

1  the  blood-serum,  and  it  may  even  accumulate  in  the  secretory  cells  of  the  cortex 
ot  the  kidney  and  pancreas,  in  gland  cells,  and  in  the  tissue  elements  of  other  or-ans.  When 
the  amount  of  blood  m  dogs  is  greatly  increased,  after  four  weeks  an  enormoul  number  of 
granules  containing  iron  occur  in  the  leucocytes  of  the  liver  capillaries,  the  cells  of  the  spleen 
_bone-marrow,_  lymph-glands,  liver  cells,  and  the  epithelium  of  the  cortex  of  the  kidney  Th^ 
iron  reaction  in  the  last  two  situations  occurs  after  the  introduction  of  hemoglobin  or  of  salts 
I  J'^i:  '  1?  [Glaeveck,  v  Stark.)    In  thrombi  and  in  extravasation!  of  blood  into  the 

neighbourhood  of  living  tissues,  there  is  formed  besides  btematoidin,  the  body  hsematosiderin. 

When  we  reflect  how  rapidly  large  quantities  of  blood  are  replaced  after 
lieemorrhage  and  after  menstruation,  it  is  evident  that  there  must  be  a  brisk  manu- 
lactory  somewhere.  As  to  the  number  of  corpuscles  which  daily  decay,  we  have  in 
some  measure  an  index  in  the  amount  of  bile-pigment  and  urine-pigment  resulting 
Irom  the  transformation  of  the  liberated  hemoglobin  (§  20).  ^ 

,xr?-..^^^,^^^2™^^^^  CORPUSCLES,  BLOOD-PLATES,  AND  GRANULES  - 
White  Blood-Corpuscles.— Blood,  like  many  other  tissues,  contains  a  number  of 

cells  or  corpuscles  which  reach  it 
from  without ;  the  corpuscles  vary 
somewhat  in  form,  and  are  called 
colourless  or  white  blood-cor- 
puscles or  "leucocytes"  {Hen  'Son. 
1770).     Similar  corjouscles  are 
found  in  lymph,  adenoid  tissue, 
marrow  of  bone,  and  as  wander- 
ing cells  or  leucocytes  in  con- 
y^J^k  nective-tissue,  and  also  between 
glandular  and  epithelial  cells  [so 
that  their  ubiquity  is  a  marked 
feature,  thus  difi'ering  from  the 
coloured  corjDuscles  which  nor- 
mally remain  within  the  blood- 
vessels].  So  that  these  corpuscles 
are  by  no  means  peculiar  to  blood 
alone.    They  all  consist  of  more 
or  less  spherical  masses  of  proto- 
plasm, which  is  sticky,  highly 
refractile,  soft,  capable  of  move- 
ment, and  devoid  of  an  envelope 
(fig.  14).    When  they  are  quite 
fresh  (A)  it  is  difficult  to  detect 


14. 


A,  human  white  blood-corpuscles,  without  any  reagent  ; 
B,  after  the  action  of  water ;  C,  after  acetic  "acid ; 

p,  frog's  corpuscles,  changes  of  shape  due  to  amce-  — yxxy  lu  10  lhuiulul  lu  aeuect 

K^T'^r'* '  ^'^"^  coagulated  the  nucleus,  but  after  they  have 

blood  ;  F,  elementary  granules.  ^3^^^  ^^^^  ^  ^^^^^  ^.^^^^  ^^^^^^ 

the  addition  of  w^ater  (B)  or  acetic  acid,  the  nucleus  (which  is  usually  a  compound 
one)  appears ;  acetic  acid  clears  up  the  perinuclear  protoplasm,  and  reveals  the 
presence  of  the  nuclei,  of  which  the  number  varies  from  one  to  four,  althoucrh 
generally  three  are  found.  The  subsequent  addition  of  magenta  solution  caus^es 
tlie   nuclei  to  stain  deeply.    Water   makes   the  contents   more  turbid,  and 
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can.es  the  corpuscles  to  swell  up.    One  or  '  '-^      fnl  they  »e 

nucleus    The  size  of  the  corpuscles  varies  from  4-1 J  /i,  and  a»  a  I'J''; 
nucleus.  •    ,  •    ^^^„4^,  ;  in  the  smallest  forms  the  layer  of  the  proto- 

\%t?LX  th\n    tTcy  al  exhibit  amoehoid  movements,  wh  ch  are  very 
Se  rrn'tÄir'cor^s Ls,  and  were  discovered  ^'-^'o^^^J^ 
skate  (1846),  and  by  Davine  in  the  corpuscles  of  man  (1850),    Max  bchultze 

VT^^alS^^^^^^^^^^  -P-'-  ^'^«^  -  -  *™ 

is)  XZge  Soid  corpuscles,  with  much  protoplasm  and  d.sUnctly  evident 
movements. 

con  exa.ü„ing.hu.a„  blood  imc...^^^^^^^^^^ 
puscks  have  rmi  into  rouleaux,  the  /"'P'"'^^^^^^^^    /).    They  adhere  to  the  glass  slide, 

"*ss  o^ver  each  other,  ivhüe  the 

CorpSrS^Nett^^^^^^  of  the  colourless  corpuscles  are  best 

stSt  aZp  of  newt's  blood,  which  contains  the  foUow.ng  vanet^^- 

«Ith  whäe'öSeNs  continu^aUy  changing.  Souietinres 

l^r^ho^Äg^anÄ^  is  less  conrur^ 

tected  its  characters  are  distinct.    Th%p.;otopl-m  c^  nLemenU  ; 

of  highly  refractive  8™'"'«»;,  "'^^ corpuscle  to  the  other.  The 
t:^Z^lZ7u^'^rZnZf:'^r,  by  (D.    The  relation  between  these  two 

ÄÄ^et  XS^'f  more  like  the  ordinary  human  colourless  corpuscle, 

and  they  too  exhibit  amceboid  ;]   ,  „„.  („n  exist  in  frog's  blood.    In  the  coarsely- 

Two  kinds  of  colourless  corpuscles  like  (1)  ™  '      »fl™  ,,  "^„e  since  they  dissolve  in 

send  out  processes;  the  rj°toplasm  is  to  eral^y  dark,^b^^^^^^^^^  J  are 

:Lrrnr:Ä"  Sly^irihe  cltre  to^he  periphery  of  the 

"°72r£coc?Srt?,:^S'oV(\Tbutwlih  fine  granules.    They  are  nucleated, 

"trÄV'^iJÄ  -l^^^"  are  contractile,  but  do  not  send 

^TcoSess  cells,  having  an  oval  -cleolated  refracti^^^^^ 

CratsUÄdÄ^^^^^^  -  — 

of  this  view]  {Bizzozero). 
(Banvier,  Stirling).] 
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[A  delicate  plexus  of  fibrils— intra-imclear  plexus— exists  within  the  nucleus 
just  as  in  other  cells.  It  is  very  probable  that  the  pro- 
toplasm itself  is  pervaded  by  a  similar  plexus  of  fibrils,  and 
that  it  is  continuous  with  the  intra-nuclear  plexus  (fig.  15).] 
The  colourless  corpuscles  divide  by  mitosis,  and  in  this  way 
reproduce  themselves. 

The  Number  of  Colourless  Corpuscles  is  very  much 
less  than  that  of  the  red  corpuscles,  and  is  subject  to 
considerable  variations.  It  is  certain  that  the  colour- 
less corpuscles  are  very  much  fewer  in  shed  hlood  than 
in  blood  still  within  the  blood-vessels.    Immediately  after  Fig.  15. 

blood  is  shed  an  enormous  number  of  white  corpuscles  Plexus  of  fibrils  in  a  colour- 
disappear  (§  30).  less  blood-corpuscle. 

Al.  Schmidt  estimates  the  number  that  reinain  at  of  the  whole  originally  present  in  the 
circulating  blood.  The  proportion  is  greater  in  children  than  in  adults.  The  following'  table 
gives  the  number  in  shed  blood  :—  ° 


Number  of  White  in  Peopoktion  to  Red  Blooi>-Corpuscles. 

In  Normal  Condition. 

In  Different  Places.             ;          in  Different  Conditions. 

1  :  335  (  Welcker). 
1  :  357  {Moleschott). 

Splenic  Vein,       1  :  60           Increased  by  Digestion.  Loss 
Splenic  Artery,    1  :  2,260     \      of  Blood,  Prolonged  Sup- 
Hepatic  Vein,      1:170  puration,Parturition,Leuk- 
Portal  Vein,        1  :  740            semia.  Quinine,  Bitters. 
Generally  more  numerous        Diminished  hj  Hunger,  Bad 
in  Veins  than  Arteries.      !  Nourishment. 

[The  number  also  varies  with  the  Age  and  Sex  :■ — 


Age.  Sex. 

White.  Red. 

General  Conditions. 

White.  Red. 

Girls,  .... 
Boys,  .... 
Adults, 
Old  Age,  . 

1  :  405 
1  :  226 
1  :  334 
1  :  381 

While  fasting, 
After  a  meal  . 
During  pregnancy, 

1  :  716 
1  :  347 
1  :  281] 

resemble  the  movements  of  amoeba)  con- 
sist in  an  alternate  contraction  and  relaxa- 
tion of  the  protoplasm  surrounding  the 
nucleus.  Processes  are  pushed  out  from 
the  surface,  and  are  retracted  again  (fig. 
16).  There  is  an  internal  current  in  the 
protoplasm,  and  the  nucleus  has  also 
been  observed  to  change  its  form  [and 
exhibit  contractions  without  the  cor- 
puscle dividing.  The  mitotic  aster, 
and  convolution  of  the  intra-nuclear 
plexus  have  been  seen].  Two  series 
of  phenomena  result  from  these  move- 
ments:—(1)  The  "wandering"  or 
locomotion  of  the  corpuscles  due  to 
the  extension  and  retraction  of  their 

processes ;  (2)  the  absorption  of  small   

particles  into  their  interior  (fat,   pigment,  foreign  bodies). 


Fig.  16, 

Human  leucocytes  showing  amoeboid 
movements. 

The  particles 
2 
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adhere  to  the  sticky  external  surface,  are  carried  into  the  interior  by  the 
tnTerml  currents  and  may  eventually  be  excreted,  31st  as  particles  are  taken 
upTy  amX  alfthe  e/ete  particle's  excreted  [Max  Schnitze  observed  tha 
coloured  particles  were  readily  taken  up  by  these  corpuscl  s  CoM^^^^^ 
movement —In  order  that  the  aniosboid  movements  of  the  leucocytes  may  taKe 
Sale  Tis  i^cessary  that  there  be-(l)  a  certain  temperature  and  normal 
Solpheric  pres^^f  (2)  the  surrounding  medium,  within  -rtam  -rts  g^st  b^ 
"indifferent,"  and  contain  a  sufficient  amount  of  water  and  oxygen,  (3)  there 

'^ÄÄÄn^ToLtä  (35"  .0"  C.)  the  ^^^^^^^ 
wam-Dlooded  animals  retain  their  power  of  movmg  for  ^  f  ^r^eat 

for  two  to  three  hours;  at  50'  C.  the  proteids  are  coagulated  /«^J 
rie-or"  and  death    [when  their  movements  no  longer  recur  on  lowenng  tlie 
rp'eratoe]     In  collwooded  animals  (frogs),  colo^u-less  -puscks  -^^^^^^^^^ 
to  erawl  out  of  small  coagula,  in  a  moist  chamber,  f  ^V^^^ 

[Draw  a  drop  of  newt's  blood  into  a  capillary  tube,  seal  up  the  ends  of  t  e  latter 
Ld  allow  the  blood  to  coagulate.  After  a  tme,  examine  the  ™ Z'^«™ 
when  some  of  the  colourless°corpuscles  will  be  ir'"^.^,^''''\Zw  ~eI^^ 
of  the  clot!  Induction  shocks  cause  them  to  withdraw  their  processes  ana 
bee  me  spUrical,  and,  if  the  shocks  be  not  too  «'-»8; '^"^  T 
commence  Strong  and  continued  shocks  kill  them,  causing  them  to  swell  up, 
and  completely  disintegrating  them.  :„t„,.„.t       arcount  of 

Diapedesis.-These  ameboid  movements  are  of  special  interest  0^"?° 
the  "wandering  out"  (diapedesis)  of  colourless  blood-corpuscles  through  the  walls 
of  the  blood-vessels  (§  95). 

but  afterwards  produces  a  tetanic  contraction,  and,  ^^^^7^"'  ?XonX 

they  contain.    The  Cincliona  alkaloids-qumme  ^^^^^i^  the 

arrest  the  locomotive  movements,  as  well  as  the  P^^^J.^^^^^^^  ,  f  .  ^^^^  Q^dnine 

leucocytes  of  different  animals  vary  somewhat  m  their  resistance  V  ^^^^ 

not  only  arrests  the  movements  of  th\l«^|cocytes  when  a  p^^^^^^^      JSc^h  the  walls  of  the 

injected  into  the  circulation  of  a  frog  the  leucocytes  no  longer  pass  through 

capillaries  {Binz).'\  .  ^c.i-c+c,Tif  flinn  those  of  the  blood,  but  less  so 

thÄf^Ä  ^?eÄs  0?  tt  lymphatic  glands  may  also 

corpuscles  to  ac/^  (eosin,  picric  acid,  ^^^^^iff^^l^'^i}^^^  have  different 

(picrate  of  rosanilin)  reactions.    The  smallest  protoplas^^^^^^  '  eosinophile,"  "baso- 

chemical  affinities  for  these  pigments.    Thus  ^hjhch  distmgu^^^^^^^^^     eo      P  , 
phile,"  and  -neutropMle"  granules  withm  the  t 

leucocytes  which  come  from  bone-marrow,  ^^^^  ^y^^^g^^  XJ^r  are  fo  W     the  lymphatic 
-       about  the  size  of  a  coloured  ^^^'^'i-^^^^'f ' I  t  Sn^^^^^^  found  outside 

s,  the  lymphogenic.  The  large  amcBboid  mu  ti-nucl^^^^^^^  T W  or^in  is  unknown,  and 


glands,  the  lymphogenic.  The  large  amoeboid  m^^^^^^^  origin  is  unknown,  and 

the  vessels  in  inflammations,  exhibit  a  neutrophile  e^ction  ^^^^^  S^^^ted  nuclei.  The 
so  is  that  of  the  large  uni-nucleated  c  W  ^-^^  ,  granules  occur 


so  is  tnat  01  me  laige  uiii-iitio^v,c..v.v.^  lo^Wmia     The  basophile  granules  occur 

eosinophile  corpuscles  are  considerably  inc^^^^^^  are 
also  in  connective-tissue  corpuscles,  especially  in  tüe  neignoouinu  f 
always  greatly  increased  where  chronic  ipAamniation  occurs         „^„i^asizes  the  activity  of  the 

StJuglle  between  Microbes  and  the  Orga^-m.-M  ^ 
leucocytes  in  retrogressive  processes  whereby       P^J^f  ^^^i^^'g^Th  'ells  "phagocytes."  They 
fine  granules,  and,  as  it  were  are  ''eaten    .^ence  he  calls  sucn  c         p    5^  .^^^^.^^  ^^^^^ 
may  be  found  in  the  atrophied  tails  of  batrachians  the  %^X\7omwS  have  found  their 

pieces  of  nerve-fibre  and  primitive  corpuscles. 
k:^^^^  ^"^^^^^^^  Mp^^rent^t  of  the  water- 
STealJKcocytes,  an'd  the  connective-tissue  cd^^^^^^^^  ^.,,,,,3, 
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against  the  attack  of  certain  microbes, 
immunity  (§  166).] 


a  chemical  as  distinguished  from 


vaccinal 


III.  Blood-Plates. — Special  attention  has  recently  been  directed  to  a  third 
element  of  the  blood,  the  "blood-plates,"  "blood-platelets,"  or  "blood-tablets"  of 

Bizzozero  (figs.  17  and  18);  pale,  colourless,  oval,  round,  or  lenticular  discs  of 
variable  size  (mean  3  fx).  In  a  healthy  man  Fusari  found  18,000  to  250,000  in  1 
cubic  millimetre  of  blood.  These  blood-plates  may  be  recognised  in  the  circula- 
ting blood  of  the  mesentery  of  a  chloralised  guinea-pig  and  the  wing  of  the  bat. 


1 


® 


\ 


5 


Fig.  17. 

"  Blood-plates  "  and  their  derivatives.  1,  a  red  blood-corpuscle  on  the  flat ;  2,  on  the  side  ;  3, 
unchanged  blood-plates  ;  4,  lymph-corpuscle,  surrounded  by  blood-plates  ;  5,  altered  blood- 
plates  ;  6  lymph-corpuscle  with  two  heaps  of  fused  blood-plates  and  threads  of  fibrin  ;  7, 
?f  fibnn  blood-plates  ;  8,  small  group  of  partially  dissolved  blood-plates  with  fibrils 

They  are  precipitated  in  enormous  numbers  upon  threads  suspended  in  fresh  shed 
blood  [or  if  blood  be  beaten  with  a  linen  thread].  They  may  be  obtained  from 
blood  tiowmg  directly  from  a  blood-vessel,  on  mixing  it  with  one  per  cent,  solution 
ot  osmic  acid.  They  rapidly  change  in  shed  blood  (fig.  17,  5),  disintegrating, 
forming  small  particles,  and  ultimately  dissolving.  When  several  occur  together 
they  rapidly  unite,  form  small  groups  (7),  and  collect  into  finely  granular  masses, 
ihese  masses  may  be  associated  in  coagulated  blood  with  fibrils  of  fibrin  (fig.  17). 

r..iSH'Sf^?°.°fF^f      T  ^'  '^^^  b^°«d  of  the  guinea-pig,  especially  if  it  be 

J  olt     E tfnl  1  ('P-       1022)  or  I  per  ceSt.  NaCl  tinged  with  methvl- 

Trfl;  ,^^%^f^°;^g^rdsthem  agents  which  immediately  induce  coagulation  and  take 

Lcrib^he  i^Sf  f°l1-  during  coagulation  of  the  blood  ;  Eberth  and  Schimmelbusch 

from^^i,.  Iv  According  to  Lowit  they  are  formed 

tKcocv  fZ  ^'^'^^'^  leucocytes  as  a  consequence  of  alteration  of  the  blood.  Along  with 
knolrto  J^SÄ  .^^  the  formation  of  fibrin  (mava).    These  structure!  were 

them  hLäbIa.t^  their  significance  has  been  variously  interpreted.    Hayem  called 

of  rLne^atLt  of       U    If  ^^^^         ^"'^''^'^^     pregnancy,  Afanassiew  in  conditions 

TAf  ?n  ft  Vi       ?i°°?'        ^'"'^'^      ^^^''^^  '  they  are  diminished  in  fever. 

Piuchet   tW  ^^'k'  ^^'^  ^^^^  the  -  globules  of  Donn,^"  by 

SbednmWtLT'  some  confusion,  for  both  coloured  and  colourless  granules  a/e 

iToTred  oornn^^^  ^^^^'^^^       P^^'^aps,  parts  of  disintegrated 

descXd  Sv^Ä  7    'I       ^ -"'^^  blood-plates.    The  -  invisible  blood-corpuscles  " 

rff  frnt«  L^?  ?  '™P^y  decolorised  red  corpuscles  (Hart,  Gibson).]  ^ 

thirdto  tL  ^  h  rlf^'ii  '^I^^'  leading  to  active  blood-formation,  it  is  stated  that  on  the 
S  sfme  oWviY  «i  mitotic  division  of  the  blood-platelets  are  to  be  seen  (Mondino). 

howeverW  sü!l%^b\t^^^^^^^  blood-platelets.    These  obUrvatioiJ, 
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IV.  Elementary  Granules. 

o, 


o 
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Fig.  18. 

Blood-corpuscles  and  blood-plates  from  normal 
human  blood,  {a)  Red  blood-corpuscles  ; 
(&)  colourless  corpuscles  ;  (c)  blood-plates. 


Blood  contains  elementary  granules  (fig.  U,  F), 
[i.e.,  the  elementary  particles  of  Zimmer- 
mann and  Beale.  They  are  irregular 
bodies,  much  smaller  than  the  ordniary 
corpuscles,  and  appear  to  consist  of  masses 
of  protoplasm  detached  from  the  surface 
of  leucocytes,  or  derived  from  the  dis- 
integration of  these  corpuscles  or  of  the 
blood-plates.     Others,    again,   are  com- 

S'^  ^  ^-^(yiä  ^  n    Pletely  spherical  granules,  either  consist- 

,    o  "     Q      g        hk  ii^g  of  some  proteid  substance  or  fatty  ni 

^  '         '    '  their  nature.    The  protoplasmic  and_  the 

proteid  granules  disappear  on  the  addition 
of  acetic  acid,  while  the  fatty  granules 
(which  are  most  nimierous  after  a  diet 
rich  in  fats)  dissolve  in  ether.] 

Y.  In    coagulated    blood,  delicate 
threads  of  fibrin  (figs.  14,  E,  and  17,  6,  7, 
8)  are  seen,  more  especially  after  the  corpus- 
cles have  run  into  rouleaux.    At  the  nodes 
of  these  fibres  are  found  granules  which 
closely  resemble  those  described  under  III. 
[When  the  blood-forming  process  is  particularly  active,  as  after  repeated  haemorrhages 
Nucleated  coloured  corpuscles"  or  the  "corpuscles  of  Neumanu    are  ^«^^^^imes  onnd  n 
the  blood.    They  are  identical  with  the  nucleated  coloured  blood-corpuscles  of  the  toetus,  being 
somewhat  larger  than  the  non-nucleated  coloured  corpuscle  (§  7).] 

10  ABNORMAL  CHANGES  OF  THE  BLOOD-COEPUSCLES.-(l)  Haemorrhages  diminish 
the  number  of  red  corpuscles  (at  most  one-half),  and  so  does  naenstruataon^^  .^that'a 
is  Dartlv  covered  by  the  absorption  of  fluid  from  the  tissues.    Meustruation  shows  us  that  a 

Tols  of  rel  corpusclesl  replaced  within  twenty-eight  days,    ^hen  a  large  a^^^^^^^^ 
blood  is  lost  so  that  all  the  vital  processes  are  lowered,  the  time  may  be  extended  to  hve  weeks, 
iracute  fevers,  as  the  tempeilture  increases,  the  number  of  red 
while  the  wMte  corpuscles  increase  in  number.    By  greatly  cooling  F^^Pj^^;^,  P^f^^"^^^^^^^^^ 
as  by  keeping  the  hands  in  iced  water,  in  some  individua  s  possessing  red     ood-coipuscles  o 
low  resisting  power,  these  corpuscles  are  dissolved,  the  blood-plasma  is  reddened,  and  even 

''''^i^V!:ZSS^-reä  corpuscles  causes  a  decrease,  since  ^lood.orp^^^ 
continually  being  used  up.    In  chlorotic  females  there  seems  to  be  a  congenital  weakness  m  the 
bCd  Sng  afd  bloodVopelling  apparatus,  the  cause  of  which  is  to  l^e  sough   for  m  som 
faulty  condition  of  the  mesoblast.    In  them  the  heart  and  the  blood-vessels  are  small,  and  the 
absolutTnumber  of  corpuscles  may  be  diminished  one-half,  although       -  «^^^  ^ 
retained  while  in  the  corpuscles  themselves  the  hfemoglobm  is  diminished  almost  one-thud  ,  but 
t  rTse  aga  n  after  the  administration  of  iron  (^a^.m).    The  administration 
the  amount  of  hemoglobin  in  the  blood.    [The  action  of  hon  in  anaemic  perso^^^^^^^^^ 
since  the  time  of  Sydenham.    Hayem  also  finds  m  certain  forms  of  anaemia  that  theie  is  con 
d  rab  e  variation  in  the  size  of  the  id  corpuscles,  and  that  in  chronic  anaemia  the  mean  diameter 
of  the  corpS^   is  always  less  than  no/mal  (7  ^  to  6  m)     There  ^\-'ZZ2:jr^tZ 
alteration  in  the  volume,  colouring  potver,  and  consistence  of  the  corpuscles  ^^^^^^^^^^^^^^^^ 
of  accord  between  the  number  of  the  corpuscles  and  their  c?lourmg  power         the  amount  ot 
haemoglobin  which  they  contain.    In  pernicious  anaemia,  m  which  the  continued  decrease  in 
the  red  corpuscles  may  ultimately  produce  death,  there  is  ^^^^oubtedly  a  seveie  a^^^^ 
the  blood-forming  apparatus.    The  corpuscles  assume  many  abnormal  and  bizarre  toim^,  otten 
b  ngovtlorLlfd,^^^^^^^ 

ing  blood-corpuscles  are  found  in  the  marrow  of  bone.  In  this  disease,  ^l^^^^^^^^^.^fhan  ^ 
puscles  are  diminished  in  number,  some  may  be  larger  and  contain  5f  o^«.^ 

corpuscles.  The  number  of  coloured  corpuscles  is  also  diminished  m  chionic  poisonmg  by 
lead  or  miasmata,  and  also  by  the  poison  of  syphilis.]  ^  ^ 

(2)  The  size  of  the  corpuscles  varies  in  disease  from  2-9-12-9  fi  (mean  6"« Jfj  '  ™" 
coipuscles-'  or  microcytes  (6  ^  and  less)  are  regarded  as  young  foi;ms,  and  occm"  plent^^^^^^ 
nea?ly  all  cases  of  anemia.    "  Giant  blood-corpuscles  '  or  macrocytes  (  0  ^  an^^^^^^ 
stant  in  pernicious  anemia,  and  sometimes  in  leukemia,  chlorosis,  and  hvei  cinhosis  {(.7am). 
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(3)  Abnormal  forms  of  the  red  corpuscles  have  been  observed  after  severe  burns  {Lesser)  ;  the 
corpuscles  are  much  smaller,  and  under  the  influence  of  the  heat  particles  seem  to  be  detached 
from  them,  just  as  can  be  seen  happening  under  the  microscope  as  the  effect  of  heat  (p.  7).  Disin- 
tegration of  the  corpuscles  into  fine  droplets  has  been  observed  in  various  diseases,  as  in  severe 
malarial  fevers.  The  dark  granules  of  a  pigment  closely  related  to  hfematin  are  derived  from  the 
granules  arising  from  the  disintegration  of  the  blood-corpuscles,  and  these  particles  float  in  the 
blood  (melanaemia).  This  condition  can  be  produced  artificially  by  injecting  bisulphide  of 
carbon  (7  to  10  of  oil)  subcutaneously  into  rabbits  {Schioalbe).  They  are  partly  absorbed  by  the 
colourless  corpuscles,  but  they  are  also  deposited  in  the  spleen,  liver,  brain,  and  bone-marrow. 

(4)  Sometimes  the  red  corpuscles  are  abnormally  soft,  and  readily  yield  to  pressure. 
Parasites  of  blood-corpuscles— Within  the  red  blood-corpuscles  of  birds,  fishes,  and  tortoises, 

parasites  are  occasionally  developed  in  the  form  of  round  "  pseudo-vacuoles  "  from  which  free 
parasites  are  subsequently  dischsiYged  (Danileivsky).  In  malarial  conditions  in  man,  protozoon- 
like  organisms  have  been  seen  within  the  red  corpuscles,  the  Plasmodium  malariae  {Mar- 
chiafava). 

The  white  corpuscles  are  enormously  increased  in  number  in  leukaemia  H.  Bennett, 
Virchow).  In  some  cases  the  blood  looks  as  if  it  were  mixed  with  milk.  The  colourless  cor- 
puscles seemed  to  be  formed  chiefly  in  bone-marrow 
{E.  Neumann),  and  also .  in  the  spleen  and 
lymphatic  glands  (inyelogenic,  splenic,  and 
lymphatic  leukjemia). 

11.  CHEMICAL  CONSTITUENTS  OF 
THE   RED  BLOOD-CORPUSCLES.— (1) 

The  colouring^  matter  or  haemoglobin  (Hh) 

is  the  cause  of  the  red  colour  of  blood;  it 
also  occurs  in  muscle  and  in  traces  in  the 
fluid  part  of  blood,  but  in  the  last  case  only 
as  the  result  of  the  solution  of  some  red 
corpuscles.  Its  percentage  composition 
is,  according  to  Hiifner,  in  the  blood  of  the 
pig  (and  ox  in  brackets),  C  54-71  (54-66), 
H  7-38  (7-25),  N  17-43  (17-70),  S  0-479 
(0-447),  Fe  0-399  (0-40),  0  19-602 
(19-543).  Its  rational  formula  is  imknown, 
but  Prey  er  gives   the   empirical  formula 

f^6oo'  Hgeo'  ^i54'  ^-i^  ^iro-  Although 
it  is  a  colloid  substance  it  crystallises 

in  all  classes  of  vertebrates,  according 
to  the  rhombic  system,  and  chiefly  in 
rhombic  plates  or  prisms  ;  in  the  guinea-pig 
in  rhombic  tetrahedra  ;  in  the  squirrel,  how- 
ever, it  yields  hexagonal  plates.  The  vary- 
ing forms,  perhaps,  correspond  to  slight 
differences  in  the  chemical  composition  in 
diff'erent  cases.  Crystals  separate  from  the 
blood  of  all  classes  of  vertebrata  during 
the  slow  evaporation  of  lake-coloured  blood, 
but  with  varying  facility  (fig.  19). 

[The  following  analysis  shows  the  composition  of  the  hsemoglobin  of  the  horse  and  dog,  so 
that  they  do  not  seem  to  be  quite  identical  in  composition.] 

Hsemoglobin  of  Horse.  Haemoglobin  of  Dog. 

C  51-15  53-91 
H   676  6-62 
N  17-94  15-98 
S    0-390  0-542 
Fe  0-335  0-333 
0  23-43  {Zinoffshy).  22-62  {Jaqiiel).-\ 

The  colouring  matter  crystallises  with  great  difficulty  from  the  blood  of  the  calf,  pig,  pigeon, 
and  frog ;  Avith  difficulty  from  that  of  man,monkey,rabbit,  and  sheep;  readily  from  that  of  the  dog, 


Fig.  19, 

Haemoglobin  crystals  from  blood, 
human  ;  c,  cat ;  d,  guinea-pig  ;  e, 
ster ;  /,  squirrel. 


a,  h, 
ham- 
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cat  mouse  and  horse;  and  very  readily  from  that  of  the  rat  and  guinea-pig  {Preyer).  [Copeman 
finds  that  coloured  crystals  can  be  obtained  from  the  blood  of  the  frog.  More  rarely  a  crystal 
is  formed  from  a  single  corpuscle  enclosing  the  stroma.  Crystals  have  been  found  near  the 
nucleus  of  the  large  corpuscles  of  fishes,  and  in  this  class  of  vertebrates  colourless  crystals  have 
been   observed.    Crystals  of  hemoglobin   are   readily  found  m  the  prepared  blood  of  the 

Dicliroism.—Heemoglobin  crystals  are  doubly  refractive  and  pleo-ehromatic ; 

they  are  bluish-red  with  transmitted  light,  scarlet-red  by  reflected  light,  ihey 
contain  from  3  to  9  per  cent,  water  of  crystalHsation,  and  are  soluble  m  water, 
but  more  so  in  dilute  alkalies.  They  are  insoluble  in  alcohol,  ether,  chlorotorm, 
and  fats.  The  solutions  are  dichroic;  red  in  reflected  hght,  and  green  m  trans- 
mitted light.  In  contact  with  protoplasmic  cells,  e.g.  leucocytes,  hsemoglobni  is 
destroyed  in  five  days  and  regenerated  again  after  twelve  days  {Schwartz). 

In  the  act  of  crvstallisation  the  haemoglobin  seems  to  undergo  some  internal  change.  Before 
it  crystallises  it  does  not  diffuse  like  a  true  colloid    and  it  a  so  rapidly  «^^««^^ 
peroxide.    If  it  be  redissolved  after  crystallisation,  it  diffuses,  although  only  to  a  small  extent 
but  it  no  longer  decomposes  hydric  peroxide,  and  is  decolorised  by  it.    [The  presence  of  0 
favours  crystallisation.] 

12  PREPARATION  OF  HEMOGLOBIN  CRYSTALS.-Method  of  RoUett.-Put  defibi mated 
blood  in  a  platinum  capsule  placed  on  a  freezing  mixture,  freeze  the  ^^^^^^^  and  then  thaw  i^ 
pourthelake-coloured  blood  into  a  plate  until  it  forms  a  stratum  not  more  than  1^  mm.  m 
thickness  and  allow  it  to  evaporate  slowly  in  a  cool  p  ace  when  crystals  ^^'^ll/fP^^^^^^^^-  ^  , 

Method  of  Hoppe-Seyler.-Mix  defibrinated  blood  with  10  volumes  of  a  20  pei  cent  salt 
solution,  and  allow  it  to  stand  for  two  days.    Remove  the  clear  ^^er  Avud  >vitlx  a 
wash  th^  thick  deposit  of  blood-corpuscles  with  water,  and  afterwards  shake  it  foi  a  lo^g  t  m^ 
with  an  equal  volume  of  ether,  which,  dissolves  the  blood-corpuscles.    Remove  the  ethei  liitei 
Th  lakeSouied  blood,  add  to  it  k  of  its  volume  of  cold  alcohol  (0  ),  and  allow  the  mixt^^^^^^ 
stand  in  the  cold  for  several  days.    The  numerous  crystals  can  be  collected  on  a  filtei  and  pi  essecl 

''X:ZTtri^^S.'^-?^..  defibrinated  blood,  which  has  been  exposed  foi-^twenty^^ur 
hours  to  the  air,  and  keep  it  in  a  closed  tube  of  narix)w  calibre  for  several  days  at  3/  C  W  hen 
the  blood  is  spread  on  glass,  the  crystals  form  rapidly.    [Raceme  tubes  answer  ^  ely  well.] 

[Method  of  Stirling  and  Brito.-It  is  in  many  cases  sufficient  to  mix  a  drop  of  blood  xAitfi  a 
fei  drops  of  water  on  a  glass  slide,  and  to  seal  up  the  preparat  on.    After  a  few  days  beautif 
crystals  are  developed.    The  addition  of  water  to  the  blood  of  ««"je/^^,^!«'         ^  *^Verv 
and  the  ffuinea-piff,  is  rapidly  followed  by  the  formation  of  crystals  of  haemoglobin.  Veiy 
krVeiTsS  of  deduced  haemoglobin  may  be  obtained  from  the  stomach  of  the  leech  several 

'fws'o^Äd  H^^^^^  be  obtained  from  human  blood  ;  (1)  by  the  addition 

to  blo^od  of  decomposed  sermrof  of  pericardial  fluid  ;  (2   treatrnent  with  ^X.TiuJlin^^ 
bile  of  a  cat;  (3)  agitation  with  ether  ;  (4)  semi-digestion  m  the  stomach  of  the  leech 
Bond,  Cope^iani  ^^hey  may  also  be  obtained  as  reddish-viole   f^^^^^'^^  pn^^^^ 
transmitted  light  if  they  are  thin,  by  sealing  up  some  putrefying  HbO^  m  a  tube  m  an 
atmosphere  of  hydrogen  [Nenchi  and  Sicher).'] 

13  QUANTITATIVE  ESTIMATION  OF  HMOGLOBIN.-  (a)  From  the  Amount  of  Iron.— 
As  dry  (100°  C.)  haemoglobin  contains  0-42  per  cent,  of  iron,  the  amount  of  ^aynoglobm  m^^^ 
be  calculated  from  the  tmount  of  iron.  If  m  represents  the  percentage  amount  of  metallic  iron, 
then  the  percentage  of  hemoglobin  in  blood  is  The  procedure  is  the  following  :- 

Calcine  a  weighed  quantity  of  blood,  and  exhaust  the  ash  with  HCl  to  obtain  ferric  chloride, 
whicrirÄrnied  into  ferrous  chloride.     The  solution  is  then  titrated  with  potassic 


^  rCoTorimetricMethod.-Prepare  a  dilute  watery  solution  of  hemoglobin  crystals  of  a 
known  strength.  With  this  compare  an  aqueous  dilution  of  the  blood  to  be  mvestiga  d  by 
adding  watefto  it  until  the  colour  of  the  test  solution  is  obtained.  Of  course,  the  solutions 
must  be  compared  in  vessels  with  parallel  sides  and  of  exactly  ^"^^'^^J^'^.  7^''^^^^^ 
same  thickness  of  fluid  (Hovpe-Seyler).  [In  the  vessel  with  parallel  sides,  or  hsematmometer, 
hTsides  a^e  exactly  1  centimetr^  apart.  I.stead  of  using  a  standard  so  ution  of  oxyhemo- 
globin, a  solution  of  picro-carminate  of  ammonia  may  be  used  {Rajeicsky,  Malasse.).] 
^  (c)  By  the  Spectroscope. -Preyer  found  that  a  O'S  per  cent.  ^'ffT  solu  ion  (1  cm^  tlu^^^^^^^ 
allowed  the  red,  the  yellow,  and  the  first  strip  of  green  to  be  seen  (fig.  25,  1).  Take  the  blood 
?rblhivestigated  (about  o's  c.cm.),  and  dilute  it  with  water  until  it  shows  exac  ly  tb 
optical  effects  in  the  spectroscope.    If  Tc  is  the  percentage  of  Hb  which  allows  green  t 
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through  (0*8  per  cent.),  h,  the  volume  of  blood  investigated  (about  0"5  c.cm.),  w,  the  necessary- 
amount  of  water  added  to  dilute  it,  then  a;  =  the  percentage  of  Hb  in  the  blood  to  be  investi- 
gated— 


It  is  very  convenient  to  add  a  drop  of  caustic  potash  to  blood  and  then  to  saturate  it  with 
CO. 

{{d)  The  Haemoglobinonieter  of  Gowers  is  used  for  the  clinical  estimation  of  haemoglobin 
(fig.  20).  "The  tint  of  the  dilution  of  a  given  volume  of  blood  with  distilled  water  is  taken 
as  the  index  of  the  amount  of 
haemoglobin.  The  distilled  water 
rapidly  dissolves  out  all  the  he- 
moglobin, as  is  shown  by  the  fact 
that  the  tint  of  the  dilution 
undergoes  no  change  on  standing. 
The  colour  of  a  dilution  of  average 
normal  blood  (one  hundred  times) 
is  taken  as  the  standard.  The 
quantity  of  hsemoglobin  is  indi- 
cated by  the  amount  of  distilled 
water  needed  to  obtain  the  tint 
with  the  same  volume  of  blood 
under  examination  as  was  taken 
of  the  standard.  On  account  of 
the  instability  of  a  standard  dilu- 
tion of  blood,  tinted  glycerine- 
jelly  is  employed  instead.  This 
is  perfectly  stable,  and  by  means 
of  carmine  and  picro-carmine  the 
exact  tint  of  diluted  blood  can  be 
obtained.  The  apparatus  consists 
of  two  glass  tubes  of  exactly  the 

same  size.    One  contains  (D)  a  ^'^g-  20. 

standard  of  the  tint  of  a  dilution    ^  ,  ,      '  ,"  .  ^  , 

of  20  cubicmm.of  blood,in  2  cubic  lowers  hc^moglobmometer.  A,  pipette  bottle  for  distilled 
centimetresofwater(linlOO).  The  ^^!^\er  ;  B  capillary  pipette  ;  C,  graduated  tube  ;  D,  tube 
second  tube  (C)  is  graduated  100  standard  dilution  ;  F,  lancet  for  pricking  the  finger, 

degrees  =  2  centimetres  (100  times  20  cubic  millimetres).  The  20  cubic  millimetres  of  blood 
are  measured  by  a  capillary  pipette  (B).  This  quantity  of  the  blood  to  be  tested  is  ejected 
into  the  bottom  of  the  tube,  a  few  drops  of  distilled  water  being  first  placed  in  the  latter.  The 
mixture  is  rapidly  agitated  to  prevent  the  coagulation  of  the  blood.  The  distilled  water  is 
then  added  drop  by  drop  (from  the  pipette  stopper  of  a  bottle  (A)  supplied  for  that  purpose), 
until  the  tint  of  the  dilution  is  the  same  as  that  of  the  standard,  and  the  amount  of  water 
which  has  been  added  {i.e.,  the  degree  of  dilution)  indicates  the  amount  of  haemoglobin." 

"  Since  average  normal  blood  yields  the  tint  of  the  standard  at  100  degrees  of  dilution,  the 
number  of  degrees  of  dilution  necessary  to  obtain  the  same  tint  with  a  given  specimen  of  blood 
is  the  percentage  proportion  of  the  haemoglobin  contained  in  it,  compared  to  the  normal.  For 
instance,  the  20  cubic  millimetres  of  blood  from  a  patient  wdth  anaemia  gave  the  standard  tint 
of  30  degrees  of  dilution.  Hence  it  contained  only  30  per  cent,  of  the  normal  quantity  of 
haemoglobin.  By  ascertaining  with  the  haemacytometer  the  corpuscular  richness  of  the  blood, 
we  are  able  to  compare  the  two.  A  fraction,  of  which  the  numerator  is  the  percentage  of 
haemoglobin,  and  the  denominator  the  percentage  of  corpuscles,  gives  at  once  the  average  value 
per  corpuscle.  Thus  the  blood  mentioned  above  containing  30  per  cent,  of  haemoglobin,  con- 
tained 60  per  cent,  of  corpuscles  ;  hence  the  average  value  of  each  corpuscle  was  f-g^  or  ^  of  the 
normal.  Variations  in  the  amount  of  haemoglobin  may  be  recorded  on  the  same  chart  as  that 
employed  for  the  corpuscles.  The  instrument  is  only  expected  to  yield  approximate  results, 
accurate  within  2  or  3  per  cent.  It  has,  however,  been  found  of  much  utility  in  clinical  obser- 
vation."] 

(e)  Fleischl's  Hsemometer.— For  clinical  purposes  this  instrument  (fig.  21)  is  useful.  A 

cylinder  G,  of  two  compartments  a  and  a'  rests  on  a  metallic  table.  Both  compartments  are 
filled  with  water,  but  in  one  (a)  is  placed  a  known  quantity  of  blood  measured  in  a  measuring- 
tube  of  known  capacity.  The  red  colour  of  the  solution  of  haemoglobin  thus  obtained  is  com- 
pared with  a  red  wedge  of  glass  (K),  which  is  moved  by  means  of  a  wheel  (R  and  T)  under  the 
other  compartment  («')  until  the  two  colours  are  identical.  The  illumination  of  the  dilute 
blood  solution  and  the  red  glass  wedge  is  done  from  below  by  lamp  light  reflected  from  the 
white  reflecting  surface  (S).    The  frame  in  which  the  red  glass  wedge  is  fixed  bears  numbers. 
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anrl  when  the  colour  is  identical  in  the  two  compartments  a  and  aJ,  the  percentage  of  ha?.mo- 
^folrretip^a.d  with  no™a;  Mood  oa„  .e  .  e.,  ^^^J^Z^^^^S^^^^ 

cent,    of  the  hsemoglobin   of  normal 
blood. 

[Bizzozero's  chromocytometer  is 
largely  nsed  in  Italy  for  the  same 
purpose.] 

The  amount  of  hsenioglobin  in 
man  is  13-77  per  cent.,  in  the 
woman  12-59    per  cent.,  during 
pregnancy    9    to    12    per  cent 
( Prey  er).    According  to  Leichteii- 
stern,  Hb  is  in  greatest  amount  in 
the  blood  of  a  newly-born  infant, 
but  after  ten  weeks  the  excess 
disappears.    Between  six  months 
and  five  years   it  is  smallest  in 
^  amount;    it    reaches   its  second 
highest  maximum  between  twenty- 
one  and  forty-five,  and  then  sinks 
again.     From    the    tenth  year 
onwards,  the  blood  of  the  female 
is  poorer  in  Hb.    The  taking  of 
food  causes  a  temporary  decrease 


Fig.  21. 

Fleischl's  hffimometer.  K,  red  coloured  wedge  of  glass 
moved  by  R  ;  G,  mixing  vessel  with  two  compart- 
ments a  and  a'  ;  M,  table  with  hole  to  read  oft  the 
percentage  of  haemoglobin  on  the  scale  F  ;  i,  to 
move  K  ;  S,  mirror  of  plaster  of  Pans. 

[In  Animals. -The  quantity  of  blood  varies  with  the  aiiimal  investigated 
Table  by  Beaunis  gives  the  proportion  of  hemoglobin  per  100  gram,  of  blood 


of  the  Hb  owing  to  the  dilution 
of  the  blood. 

The  followin; 


Man, 
Dog; 

Pig, 
Ox, 


Pathological.— A  deci 


12-  3  per  100. 

13-  8 
13-2 
12-3 


Sheep, 
Rabbit, 
Fowl, 
Duck, 


11-2  per  100. 

■5 

•1  „1 


vease  is  observable  during  recovery  from  febrile  conditions,  and  also 
{Groll). 

14  THE  SPECTROSCOPE. -As  the  spectroscope  is  frequently  used  i^^he  investigation  of 

blood  aTother  substances,  a  ^^^^^^^^^  I 

consists  of-(l)  a  tube,  A,  which  has  at  Its  p^^^^^^  ^^^^  its 

widened).    At  the  other  end  a  f.f  or  a  lamp)  pa  es  through  the  slit,  and 

focus  is  in  exact  me  w,^^^^^^  the  parallel  rays  into  a 

thus  goes  parallel  ^^^^^^^  ^  to  the  spectrum  r,  ^,  and 

rÄttSf  ¥Xe';       SLf  .^\Ähe  inner  e.ds  of  the  three  tubes  are 

Zeis,  .a,  ^^^^^fjZ. 
tities  of  a  solution  are  to  be  examined.    \v-y  sp~^  to  g>ve  two  specha,  .so^^^^^ 

the  position  of  any  absorption-band  may  be  ^efin  tely  asce  tameü     i^^^  sp. 

iÄÄfobVe^Ä^^^^^  —  *°  ^ 

^'Äaonlpectra._If  a  coloured  medium  (eg   .  solution  of  blood)     placed  b«  the 
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dark  to  the  obser  ver.  Oil  account  of  this  absorption,  such  a  spectrum  is  called  an  "  ctbsovption 
spedrtmi." 

Flame  Spectra. —If  mineral  substances  be  burned  on  a  platinum-wire  in  a  non-luminous 
flame  or  Bunsen's  burner  in  front  of  the  slit,  the  elements  present  in  the  mineral  or  ash  give 
a  special  coloured  band  or  bands,  which  have  a  definite  position.  Sodium  gives  a  yellow, 
potassium  a  red  and  violet  line.  These  substances  are  found  on  burning  the  ashes  of  almost  all 
organs. 

If  sunlight  be  allowed  to  fall  upon  the  slit,  the  spectrum  shows  a  large  number  of  lines 
(Fraunhofer's  lines)  which  occupy  definite  positions  in  the  coloured  spectrum.  These  lines  are 
indicated  by  the  letters  A,  B,  C,  D,  &c.,.  a,  h,  c,  &c.  (fig.  23). 


Fig.  22. 


Scheme  of  a  spectroscope  for  observing  the  spectrum  of  blood.  A,  tube  ;  S,  slit ;  m,  m, 
layer  of  blood  with  flame  in  front  of  it ;  P,  prism  ;  M,  scale  ;  B,  eye  of  observer  looking 
through  a  telescope  ;  r',  v',  spectrum. 

15.  COMPOUNDS  OF  HB  WITH  0;  OXYHEMOGLOBIN  AND  METHiE- 
MOGLOBIN. — 1.  Oxyhsemoglobin  (HbOg)  behaves  as  a  weak  acid,  and  occurs  to 
the  extent  of  86-78  to  94-30  per  cent,  in  dry  human  red  corpuscles  {J Udell).  It  is 
formed  very  readily  whenever  Hb  comes  into  contact  with  0  or  atmospheric  air. 
According  to  Bohr,  1  gramme  Hb  unites  with  1  -56  cubic  centimetre  of  0  at  0°  and 
760  mm.  Hg  pressure,  the  union  being  stronger  in  weak  than  in  concentrated 
solutions.  Oxyhaemoglobin  is  a  very  loose  chemical  compound,  and  is  slightly 
less  soluble  than  Hb ;  its  spectrum  shows  in  the  yellow  and  the  green  two  dark 
al)sorption-bands,  whose  length  and  breadth  in  a  0-18  per  cent,  solution  are  given 
in  fig.  23  (2).  It  occurs  in  the  blood-corpuscles  circulating  in  arteries  and 
capillaries,  as  can  be  shown  by  the  spectroscopic  examination  of  the  ear  of  a  rabbit, 
of  the  prepuce,  and  the  web  of  the  fingers  ( Vierordt). 

[Spectrum  of  Oxyhaemoglobin. — In  the  spectrum  of  a  dilute  solution  of  hsemo- 
globin  crystals  or  arterial  blood,  part  of  the  red  and  violet  rays  are  absorbed, 
but  two  well-marked  absorption-bands  exist  between  D  and  E.  The  line  nearest 
p,  i.e.,  next  the  red  end  of  the  spectrum,  sometimes  designated  by  the  letter  (a) 
is  narrow,  sharply  defined,  and  black  at  its  centre,  and  its  position  corresponds  to 
the  wave-length  579.    The  other  absorption-band  near  E,  conveniently  designated 

(^)j  is  broader,  not  so  dark,  and  its  edges  are  less  sharply  defined.  Its  centre 
corresponds  to  the  wave-length  553-8.  In  very  dilute  solutions  the  a  band  is  the 
only  one  visible.  In  a  strong  solution,  as  shown  in  fig.  23,  the  two  bands  fuse, 
but  are  again  made  visible  as  two  on  dilution  of  the  blood.] 
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TThe  spectrum  necessarily  varies  with  the  concentration  of  the  solution    Fig.  24 
shiws  Zv  the  absorption'bands  increase  with  increase  m  the  strength  o  he 
soMon     With  a  1  per  cent,  solution  all  the  spectrum  disappears,  with  the 
lep  ion  of  the  extrem'e  red,  and  as  the  dilution  continues  -       ^-^^  « 
orange,  green,  yellow,  blue,  indigo,  and  violet.    With  -65  per  cent,  of  HbO,  there 

ÄÄSlobin.--It  gives  up  its  0  very  readily,  however,  even 
Red.   orange.        Yellow.  C-en.  Cy..»l>l»c. 
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Fig.  23. 

Spectra  of  hsemoglobin  and  its  compounds, 
when  means  which  set  free  absorbed  gases  are  used.  It  is  reduced  (1)  by  the 
removal  of  the  gases  by  the  ah^-pimp,  (2)  by  the  conduction  through  its  so  ution 
of  other  gases  (CO),  and  (3),  by  heating  to  the  boiling-point._  In  the  ciTciiiatmg 
blood  its  0  is  Very  rapidly  given  up  to  the  tissues,  so  that  m  suffocated  animals 
only  reduced  hwmoglobin  is  found  in  the  arteries.  Some  constituents  of  the  serum 
and  sugar  remove  its  0.  i  -u- 

Spectrum  of  reduced  Hemoglobin.— By  adding  to  a  solution  of  oxyhemoglobin 
reducinff  substances— e.^;.,  ammonium  sulphide,  iron  fihngs,  or  btokess  fluid 
[tartaric  acid,  iron  proto-sulphate,  and  excess  of  ammonia]— the  two  absorption- 
bands  of  the  spectrum  disappear,  and  reduced  haemoglobin  (gas  free),  with  one 


Sec.  15.] 


EEDUCED  HiEMOGLOBIN. 


27 


absorption-band,  is  formed.  The  colour  changes  from  a  l^right  red  to  a  purplish 
or  claret  tint.  The  two  bands  are  reproduced  by  shaking  the  reduced  hsemogiobin 
with  air,  whereby  HbOg  is  again  formed.  Solutions  of  oxyhsemoglobin  are  readily 
distinguished  by  their  scarlet  colour  from  the  purplish  tint  of  reduced  haemoglobin. 

[The  single  absorption-band  (fig.  23,  4),  designated  by  the  letter  (y),  lying  about 
midway  between  the  position  of  the  two  previous  bands,  is  broader,  fainter,  less 


Figs.  24  and  25. 

Fig.  24,  graphic  representation  of  tlie  spectnim  of  HbOg.  Fig.  26,  the  same  of  Hb,  showing  the 
amount  of  absorption  with  varying  strengths  of  hpemoglobin,  the  thickness  of  the  fluid 
remaining  the  same.    The  numbers  indicate  the  percentage  of  colouring  matter. 

deeply  shaded,  and  its  centre  is  about,  but  not  quite,  intermediate  between  D  and 
E.  .It  extends  between  the  wave-lengths  595  and  538,  and  is  blackest  opposite  the 
wave-length  550,  so  that  it  lies  nearer  D  than  E.  At  the  same  time  more  of  the 
blue  rays  are  transmitted.  On  dilution  the  band  is  not  resolved  into  two,  but 
simply  becomes  fainter  and  disappears.] 

[According  to  Hermann,  the  absorption-band  of  Hb  is  not  a  single  band,  there  being  in 
addition  a  very  narrow  band  towards  the  red  end  of  the  spectrum,  but  separate  from  the  chief 
absorption-band  by  a  very  small  interval.] 

[Haemoglobin  has  certain  remarkable  characters  : — (1)  Although  it  is  a  crystalloid 
body  it  diffuses  with  difficulty  through  an  animal  membrane,  owing  to  the  large 
size  of  its  molecule.  (2)  It  readily  combines  Avith  0  to  form  an  unstable  and  loose 
chemical  compound,  oxyhaemoglobin.  (3)  This  0  it  gives  up  readily  to  the  tissues 
or  other  deoxidising  reagents.  (4)  Its  composition  is  very  complex,  for,  in  addition 
to  the  ordinary  elements  present  in  proteids,  it  contains  a  remarkable  amount  of 
iron  (0-4  per  cent).] 

If  a  string  be  tied  round  the  base  of  two  fingers  so  as  to  interrupt  the  circulation,  spectro- 
scopic examination  shows  that  the  oxyhsemoglobin  rapidly  passes  into  reduced  Hb  (Fierordt). 
Cold  delays  this  reduction  ;  it  is  accelerated  in  youth,  during  muscular  activity,  or  by  suppressed 
respiration,  and.  usually  also  during  fever. 

The  spectroscopic  examination  of  small  blood-stains  is  often  of  the  utmost  forensic  import- 
ance. A  minimal  drop  is  sufficient.  Dissolve  the  stain  in  a  few  drops  of  distilled  water,  and 
place  the  solution  in  a  thin  glass  tube  in  front  of  the  slit  of  the  spectroscope. 

Para-hsemoglobin.— If  HbO.^  be  preserved  under  alcohol  it  passes  into  a  modified  form, 
which  is  iDsoluble  in  water  {Nencki  and  Sieher). 

2.  Methsemoglobin  is  a  more  stable,  crystalline  compound  {Hoppe-Seijler).  It 
contains  the  same  amount  of  0  as  HbOg,  but  in  a  different  chemical  union,  while 
the  0  is  also  more  firmly  united  with  it.  It  shows  four  absorption-bands  like 
haematin  in  acid  solution  (fig.  23,  5),  of  which  that  between  C  and  D  is  distinct ; 
the  second  is  very  indistinct,  while  the  third  and  fourth  readily  fuse,  so  that  these 
last  two  bands  are  only  well  seen  with  good  apparatus. 

It  is  produced  spontaneously  in  old  brown  blood-stains,  in  the  crusts  of  bloody  wounds,  in 
cysts  with  sanguinolent  contents,  and  in  bloody  urine.    Chemically,  it  can  be  prepared  from 
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a  solution  of  Hb  by  the  action  of  potassic  ferricyanide  {Jaderhohn)  or  potassic  chlorate 
iMal^hand)  [or  by  adding  to  a  solution  of  Hb  a  freshly-prepared  solution  of  potassic  P«™anga- 
na^  y  n  L^ben^^^    azobenzol,  kairin,  sodium  nitrite,  pyroga  lie  acid]  ;  and  ^^l^.^^^'^J^^y  ^^^^^^ 
bv  alloxant  n  {Koioalewsky).    It  crystallises  if  defibrinated  blood  is  shaken  with  aniyl  nitute 
a,Kl  the  mahociany-brown  laky  fluid  be  allowed  to  evaporate  slowly  {Halhburton) 

If  a  tr^e  of  ammonia  be  added  to  a  solution  of  metha^moglobm,  it  gives  an  alkaline  solut  on 
of  metLmolbin  which  shows  two  bands  like  oxyha.moglobin,  of  which  the  first  one  is  the 
tZt  Ze^te^^^^^  towards  the  red.  If  ammonium  sulphide  be  added  to  the  meth«.mo- 
globin  solution,  reduced  Hb  is  formed. 

rAction  of  Nitrites.— The  addition  of  amyl  nitrite  dissolved  in  alcohol,  or  sodic 
or  potassic  nitrite  to  defibrinated  blood  causes  the '  latter  to  assmne  a  chocolate 
colour  which,  on  the  addition  of  ammonia,  changes  to  red.  The  chocolate-coloured 
fluM  shows  oke  well-defined  band  in  the  red,  and  less  distmctly  other  three  bands 
like  methsemoglobin  (Gamgee).]  ,i    n  -r, 

FThe  nitrites  therefore  form  a  compound  with  its  oxygen  inore  firmly  fixed  than  the  O  in 
Hboi  so  that  larg  doses  of  nitrites  irrest  the  internal  respiration  and  ^^'^^.P^^^^^T- •  ^^^^^^ 
iTwever  affected  by  the  products  formed  in  the  blood  during  asphyxia  while  CO-Hb  is  not 
the  melL'mo^^^^^^^  form^ed  by  the  nitrites  is  reduced  by  these  products  to  Hb,  which  as  it 
passes  through  the  lungs  takes  up  0.] 

16  CARBONIC  OXIDE-HEMOGLOBIN,  POISONING  WITH  C0.-3.  CO- 
H»mOfflol)m  is  a  more  stable  chemical  compound  than  the  foregoing  and  is  pi-o- 
duced  at  once  when  carbonic  oxide  is  brought  into  contact  Avith  pure  Hb  or  HbU, 
(CI.  Bernard,  1857).   It  has  an  intensely  florid  or  cha-ry-red  colour,  is  not  didiroic 
and  its  spectrum  shows  two  absorption-Dands  very  like  hose      ^^0,,  bu  they 
are  slightly  closer  together  and  lie  more  towards  the  violet  (fi|  23,  3).  Keducmg 
substances  which  aefupon  HbO„  e.g.,  ammonuin  sulphide  or  Stokes  «  «J^^. ""^ 
affect  these  bands,  i.e.,  they  cannot  convert  the  CO-Hb  mto  reduced  HI  .    If  a  10 
per  cent,  solution  of  caustic  soda  be  added  to  a  solution  of  CO-Hb,  and  heated,  it 
lives  a  cinnabar-red  colour;  while,  with  an  HbO  solution  it  gives  a  dark  brown 
Si-eenish,  greasy  mass.    Spectrum  analysis  and  the   soda  test  enable  one  to 
d  stingu  sh        HbCO,  miled  with       HbO,.    Oxidising  substances  [solution 
of  potassic  permanganate  (0-025  per  cent.),  potassic  chlorate  (5  per  oe«*-). 
dilute  chlorine  solution]  make  solutions  of  CO-Hb  cherry-red  in  colour,  whi  e  hey 
turn  solutions  of  HbO   pale  yellow.    After  this  treatment  both  solutions  show 
t^abs   ptZ-ba^     of  nrethimoglobin,  but  those  of  the  CO^Hb  appear  consider- 
ably later     If  ammonium  sulphide  be  added,  HbO,  and  CO-Hb  are  re-formed. 

Hb-CO  EeactionB.-J/»&>d  S»rf«r«(.;-Dilute  the  blood  20  th^^^^ 

On  acoount  Tf  i?  stLu     CO-Hb  resists  external  influences  and  even  pntrefaction  for  a  ong 
time  and  the  two  bands  of  the  speetrnm  may  be  visible  after  many  months.    Landois  obtained 
lte  Ä  test  a.H°  speetroscopic  bands  in  the  blood  of  a  woman  poisoned  «'gWj'™ 
riously  by  CO,  and'^after  great  putrefaetion  of  the  body  liad  taken  plaee.    [Stuhng  has  kept 
CO  Hb  in  a  stoppered  bottle  for  five  years  without  putietaetion  taking  place.] 

If  CO  or  air  containing  it  be  inspired,  it  gradually  displaces  the  0,  ^1"™«  i"'' 
volume,  out  of  the  red  blood-corpuscles,  and  death  soon  occurs  ;  1000  c.cm  mspired 
at  once  will  kiU  a  man,  A  very  small  quantity  in  the  air  (^^^  -  rimp)  sumces,  in 
freMively  short  time,  to  foni/a  large  quantity  of  CO^Hb.    As  ^  con 

with  other  gases  (such  as  the  passing  of  0  through  i  for  a  ^^ry  ^o^^J^^ 
gradually  separates  the  CO  from  the  Hb,  wi  h  the  formation  of  HbO  *  l^^ens 
that  in  very  partial  poisoning  with  CO,  the  blood  gradually  gets  rid  of  the  GO  by 
the  espiratory  organs.    It  does  not  appear  that  any  part  is  "^^dised  into 

CO,  in  the  organism.    [CO-hsemoglobin,  being  a  stable  compound  when  once 
formed,  circulates  in  the  blood-vessels;  but  it  neither  gives  up  oxygen  to  he 
issues  nor  takes  up  oxygen  in  the  lungs,  hence  its  very  poisonous  properties. 
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The  real  cause  of  death  in  animals  poisoned  with  it  is,  that  the  internal  respiration 
is  arrested.] 

Poisoning  with  Carbonic  Oxide. — Carbonic  oxide  is  formed  during  tlie  incomplete  combustion 
of  coal  or  coke,  and  passes  into  the  air  of  the  room,  provided  there  is  not  a  free  outlet  for  the 
products  of  combustion.  It  occurs  to  the  extent  of  12-28  per  cent,  in  ordinary  gas,  which 
largely  owes  its  poisonous  properties  to  the  presence  of  CO.  If  the  0  be  gradually  displaced 
from  the  blood  by  the  respiration  of  air  containing  CO,  life  can  only  be  maintained  as  long  as 
sufficient  0  can  be  obtained  from  the  blood  to  support  the  oxidations  necessary  for  life.  Death 
occurs  before  all  the  0  is  displaced  from  the  blood.  CO  has  no  effect  when  directly  applied  to 
muscle  and  nerve.  When  it  is  mixed  with  air,  as  in  coal-gas  poisoning,  and  inhaled,  there  is 
first  stuTiulation  and  afterwards  paralysis  of  the  nervous  system,  as  shown  by  the  symptoms 
induced,  e.g.,^  violent  headache,  great  restlessness,  excitement,  increased  activity  of  the  heart 
and  respiration,  salivation,  tremors,  and  spasms.  Later,  unconsciousness,  weakness,  and 
paralysis  occur,  laboured  respiration,  diminished  heart-beat,  and  lastly,  complete  loss  of 
sensibility,  cessation  of  the  respiration  and  heart-beat,  and  death.  At  first  the  temperature 
rises  several  tenths  of  a  degree,  but  it  soon  falls  1°  or  more.  The  pulse  is  also  increased  at 
first,  but  afterwards  it  becomes  very  small  and  frequent.  In  poisoning  with  pure  CO  there  is 
no  dyspnoea,  but  sometimes  muscular  spasms  occur,  the  coma  not  being  very  marked.  There 
is  also  temporary  but  pronounced  paralysis  of  the  limbs,  followed  by  violent  spasms.  After 
death  the  heart  and  brain  are  congested  with  intensely  florid  blood.  In  poisoning  with  the 
vapour  of  charcoal,  where  CO  and  CO2  both  occur,  there  is  a  varying  degree  of  coma  ;  pro- 
nounced dyspnoea,  muscular  spasms  which  may  last  several  minutes,  gradual  paralysis  and 
asphyxia,  moniliforin  contractions  and  subsequent  dilatation  of  the  blood-vessels,  with 
congestion  of  various  organs,  occur,  accompanied  by  a  fall  of  the  blood-pressure  [Klehs), 
indicating  initial  stimulation  and  subsequent  paralysis  of  the  vaso- motor  centre.  This  also 
explains  the  variations  in  the  temperature  and  the  occasional  occurrence  of  sugar  in  the  urine 
after  poisoning  with  CO.  After  death,  the  blood-vessels  are  found  to  be  filled  with  fluid  blood 
of  an  exquisitely  bright  cherry-red  colour,  while  all  the  muscles  and  viscera  and  exposed  parts 
of  the  body  (such  as  the  lips)  have  the  same  colour.  The  brain  is  soft  and  friable;  there  is 
catarrh  of  the  respiratory  organs  and  degeneration  of  the  mussles,  and  great  congestion  and 
degeneration  of  the  liver,  kidneys,  and  spleen.  The  spots  of  lividity,  post-7nortem,  are  bright 
red.  After  recovery  from  poisoning  with  CO  there  may  be  paraplegia  and  (although  more 
rarely)  disturbances  of  the  cerebral  activity. 

17.  OTHER  COMPOUNDS  OF  HAEMOGLOBIN— 4.  Nitric  Oxide-Hsemo- 
globin  (NO-Hb)  is  formed  when  NO  is  brought  into  contact  with  Hb  (L. 
Hermann). 

As  NO  has  a  great  affinity  for  0,  red  fumes  of  nitrogen  peroxide  (NO^)  being  formed  when- 
ever the  two  gases  meet,  it  is  clear  that,  in  order  to  prepare  NO-Hb,  the  0  must  first  be 
removed.  This  may  be  done  by  passing  H  through  it,  [or  ammonia  may  be  added  to  the  blood, 
and  a  stream  of  NO  passed  through  it ;  the  ammonia  combines  with  all  the  acid  formed  by  the 
;™on  of  the  NO  with  the  0  of  the  blood].  NO-Hb  is  a  more  stähle  chemical  compound  than 
CO-Hb,  which,  as  we  have  seen,  is  again  more  stable  than  HbOg.  It  has  a  Uuish-violet  tint, 
and  also  gives  two  absorption-bands  in  the  spectrum  similar  to  those  of  the  other  two  com- 
pounds, but  not  so  intense.  These  bands  are  not  abolished  by  the  action  of  reducing  agents. 
As  NO-Hb  cannot  be  formed  in  the  body,  it  has  no  practical  significance. 

The  three  compounds  of  Hb,  with  0,  CO,  and  NO,  are  crystalline,  Hke  reduced 
Hb  ;  they  are  isomorphous,  and  their  solutions  are  not  dichroic.  All  three  gases 
unite  in  equal  volumes  with  Hb.  If  0  be  conducted  through  a  concentrated 
solution  of  Hb  devoid  of  gases,  a  crystaUine  mass  of  HbOg  is  thereby  readily 
formed. 

5.  Cyanogen,  CNH  {Hoppe-Se^jler),  and  acetylene,  C2H4  {Bristow  and  Liehreich),  form 
easily  decomposable  compounds  with  Hb.    The  former  occurs  in  poisoning  with  hydrocyanic 
acid,  and  has  a  spectrum  nearly  identical  with  that  of  HbOg,  and,  like  HbOs,  it  is  reduced 
but  very  slowly,  by  special  reagents.    [The  existence  of  these  compounds  is,  however  hiahlv 
doubtful  {Gamgee).']  '     o  J' 

18.  DECOMPOSITION  OF  HAEMOGLOBIN.— In  solution  and  in  the  dry 

state  Hb  gradually  becomes  decomposed,  whereby  the  iron-containing  pigment 
hsematin  (along  with  certain  bye-products,  formic,  lactic,  and  butyric  acids),  is 
formed.  Haemoglobin,  however,  may  be  decomposed  at  once  into— (1)  Hsematin, 
a  body  containing  iron,  and  (2)  a  colourless  proteid  closely  related  to  globulin;  by 
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(a)  the  addition  of  all  acids,  even  by  CO,  in  the  ^esence  of  Pl«f  J  f  ' 
i?rong  aftahes ;  (c)  all  reagents  which  coagulate  albumin,  and  by  heat  at  ,0  -  80 

^'Ui'^KlmlZ'c  ,H„N  JeO,  (Nencki  and  Sieher),  is  a  bluish-black  amorphous 
boit^.S  ™sX?i4Ver  cUt.  of  haemoglobin  (dog).    It  is  -  - 

alcohol  and  ether  ;  soluble  in  dilute  alkahes  and  acids,  and  m  acidulated  ether  and 

'^'mAcid  H«matin.-Lecanu  extracted  it  from  dry  blood-corpuscles  by  using 

r^^'^Alk^-hsematin.-rif  to  the  above  solution  ammonia  or  caustic  soda  be 
added  on  1Ä  gentty,  the  colour  changes  and  the  fluid  becomes  dichroic,  showing 
addett,  on  neaiiuggBiii'io',  ^  „„i„fir„i  tlinrouchlv  with  air  the  spectrum  of 

a  greenish  tmge.   On  ™xmg  the  ^J^S^^^^^   j^,t  to  the  red  side  of 

oxy-alkali-hsematm  is  obtained,  t.e  one  absorption  oauu  J  ^.      ^    ^  j 

^•V        ')'SJl:1fLXtnd"  s^>ectmta3^^ 
^(trÄed^tul^mal^  :r  H^moe  Jomogen.-If  the  solution  of  alkali- 
hla  inbeTeduced  by  ammonium  sulphide,  the  ^^'^^^^^^^l^ZZ'lu 
obtained,  viz.,  two  absorption-bands     ween  D  and  E,  but  they  are  nearer 

^I^VÄÄ^^  t^^r^Ä"Smiä:-0:  V.'^r^  to  con- 
T\  ?  Vkl  a  clear  purplish-red  solution  is  obtained,  which  shows  two 

between  D  and  E  If  water  be  added  a  brown  precipitate  is  thrown  down.  When 
tMrprecJitate  is  dissolved  in  caustic  soda,  it  gives  a  flmd  which  shows  pur 
absorption-bands.]  ,  , .    ^  • 1 1 

...  4.  nn  Tf  ro  hp  passed  through  a  solution  of  oxyhfEmoglobm  for  a  considerable 
Action  of  CO^-If  CO.  be  pas^  prolonged  the  Hb  is  decomposed  a 

Ir^^ärotgSLli^^^^  ^^^^  obtained  when 

Hb  is  decomposed  with  acids,  is  observed  (p.  30). 

An  alkaline  solution  of  hsematin,  when  reduced  by  tin  and  hydrochloric  acid, 
yields  urobilin  (compare  §  261). 

mSn  +ThC1),  with  the  formula  C3,H3,ClN,Fe03  {NencU  and  S«6er). 
The  pre  e^ct  of  the  e  crystals  is  used  as  a  test  for  blood-stains  or  blood  solu  ion 
S  eyT-  26)  are  prepared  by  adding  a  small  crystal  of  common  salt  to  dry  blood 
onaias°  slide  and  then  an  excess  of  glacial  aceticacid;  thewholeis  gently  heated 
Ä*of  gas  are  given  off.    On  allowing  the  preparation  to  cool,  the 

''''^^^:'ltt.T:tlZ^^X  are  small  microscopic  rhombic 

Sve^yte"^^^^^  mLes.    The  crystaUine  forms  of  h^mm 

Se  idlnticaHn  all  the  different  kinds  of  blood  that  have  been  examined.  They 
aJe  doSbly  refractive;  under  the  polarization  microscope  they  are  a  glancing 
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yellow,  appearing  raised  on  the  dark  field,  with  a  strong  absorption  of  the  light 
parallel  to  the  long  axis  of  the  crystals  {Falk  and  M or  ache).  They  are  pleo- 
chromatic  :  by  transmitted  light  they  are  mahogany-brown,  and  by  reflected  light 
bluish-black,  glancing  like  steel. 

(1)  Preparation  from  Dry  Blood-Stains.— Place  a  few  particles  of  the  blood-stain  on  a  glass 
slide,  add  2  to  3  drops  of  glacial  acetic  acid  and  a  small  crystal  of  common  salt  ;  cover  with  a 
cover-glass,  and  heat  gently  over  the  flame  _ 

of  a  spirit-lamp  until  bubbles  of  gas  are     ^       ""^^  ^  0^  |A 

given  00".    On  cooling,  the  crystals  appear  Aa^  ^   [l    j'  '^'^ 

in  the  preparation  (fig.  26).  i#P^V  a  ^ 

(2)  From  Stains  on  Porous  Bodies.—  (/\^  '  ^  ,5 
The  stained  object  (cloth,  wood,  blotting-  ^ 
paper,  earth)  is  extracted  with  a  small 


4 


quantity  of  dilute  caustic  potash,  and  /r~7                4  ^ 

afterwards  with  water  in  a  watch-glass,  >^  ^ 

Both  solutions  are  carefully  filtered,  and  ALM  S 

tannic  acid  and  glacial  acetic  acid  are  ^^^^r                ,   ^  X 

added  until  an  acid  reaction  is  obtained.  ^^^^^^^  4v     ^'^  ^ 


The  dark  precipitate  which  is  formed  is         ^  '     jg.  vk      6       i     \  h 
collected  on  a  filter  and  washed.    A  small        ^  ^^^V 
part  of  it  is  placed  on  a  microscope  slide, 
a  granule  of  common  salt  is  added,  and  . 

the  whole  dried;  the  dry  stain  is  treated      Hsemm  crystals.    1,  human  ;  2,  seal ;   3,  calf; 
as  in  (1)  {Stniwe).  4,  pig  ;  5,  lamb  ;  6,  pike  ;  7,  rabbit. 

(3)  From  Flnid  Blood. -Dry  the  blood  slowly  at  a  low  temperature,  and  proceed  as  in  (1) 

(4)  From  Dilute  Solutions  of  Haemoglobin. -(a)  Struwe's  Method.-Ad.^  to  the  fluid 
ammonia  tannic  acid,  and  afterwards  glacial  acetic  acid,  until  it  is  acid  ;  a  black  precipitate  of 
wJ^ff  f  i^Pi^^"'  ^J^l^is  is  isolated,  washed,  dried,  and  treated  as  in  (1),  but 
instead  of  JNaCl  a  granule  of  ammonium  chloride  is  added. 

H^niin  crystals  may  sometimes  be  prepared  from  putrefying  or  lake-coloured 
blood,  but  they  are  very  small,  and  the  test  often  fails.  "When  mixed  with  iron- 
rust,  as  on  iron  weapons,  the  blood-crystals  are  generally  not  formed  In  such 
cases,  scrape  ofi"  the  stains  and  boil  them  with  dilute  caustic  potash  If  blood  be 
present,  the  dissolved  hsematin  forms  a  fluid,  which  in  a  thin  layer  is  green  in  a 
thick  layer  red  {H.  Rose).  ^  ' 

Hsemin  crystals  have  been  prepared  from  all  classes  of  vertebrates  and  from  the  blood  of  the 
''rw-ri  r^"%^^'  ^^Z^  they  may  be  almost  amorphous. 

Chemical  Characters. -They  are  insoluble  in  water,  alcohol,  ether,  chloroform  -  but  con- 
centrated H,SO,  dissolves  them,  expelling  the  HCl,  and  giving  L  violet-red  colour  Ammonk 
also  dissolves  them  and  if  the  resulting  solution  be  evaporated,  heated  to  130°  C.  and^i^ated 
with  boiling  water  (which  extracts  the  ammonium  chloride),  h^matoporphyrin-  deXS  with 
^^nlrifi  l^^^atom  and  with  Preyer's  h^matoin,''is  obtained  (^o^^.-^t?)     It  is^  a 

S^  •  '''^r'"?f'r^''^°^'>f^^  pounded  forms  a  brown  and  amorphous  powder  Its 
solutions  m  caustic  alkalies  are  dichroic  :  in  reflected  light  brownish-red  ;  in  transmitted  lisht 
brown  '  "  '^"^        olive-green.    T#e  acid  solutions  are  monochr^Sicfnd 

Preparation  in  Bulk. -To  obtain  it  in  quantity,  heat  dried  horse's  blood  with  10  parts  of 
formic  acid.  If  the  crystals  be  suspended  in  methyl  alcohol,  on  adding  iodine  and  heatin J 
themthey  dissolve  with  a  purple  colour;  after  adding  bromine,  brown;  and  after  pass  n^ 
chlorine  gas,  green  ;  all  these  give  a  characteristic  spectrum  Uo:enfeld).      '  ^  ^ 

\Jt.  ^^eti^^cid  may  be  replaced  by  oxalic  or  tartaric  acid,  the  common  salt  by  salts  of 

lodme  or  bromine  ;  m  the  latter  case  similar  bromine-  or  iodine-h^^matin  is  formed  {Bikflui) 

20.  H^MATOIDIN.— Yirchow  discovered  this  important  derivative  in 
hsemoglobm.  It  occurs  in  the  body  wherever  blood  stagnates  outside  the  circula- 
tion and  becomes  decomposed-as  when  blood  is  extravasated  into  the  tissues— 
6  ^.  the  brain-m  solidified  blood-plugs  or  thrombi,  especiaUy  in  veins  ;  invariably 
m  the  Graafian  folhcles.  It  contains  no  iron  (CooH^.N-.O,),  and  crystaUises  in 
c  mo-rhombic  prisms  (fig.  27)  of  a  yellowish-broU^cofoui  \  is  soluble  in  warm 

SflJirf''  rw^  ""T:.  ^""^  P'^^^^^^  i«  ^"^^^^^'^«^  ^ith  the  bile-pigment- 
tbp  1  L^l^e^^acted  upon  by  impure  nitric  acid  (Gmelin's  reaction),  it  gives 

the  same  play  of  colours  as  bile.]  ö 
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For  their  occurrence  in  the  urine  m  jaundice  (§  180),  and  m  the  sputum  u  ^^^j 

21  (B)  THE  COLOURLESS  PROTEID  OF  HiEMOGLOBIN -It  is  closely 
related  to  globulin;  but  while  the  latter  is  precipitated  by  all  acids  even  by  CO^, 
related     giuu  re-dissolved  on  passing  0  through  it,  the  proteid 

of  hemoglobin,  on  the  other  hand,  is  not  dissolved 
after  precipitation  on  passing  through  it  a  stream  ot  U. 

As  crystals  of  haemoglobin  can  be  decolorised  under  special 
circumstances,  it  is  probable  that  these  owe  their  crystalhne 
form  to  the  proteid  which  they  contain.    Landois  placed  crystals 
of  Lmodobin  along  with  alcohol  in  a  dialyser,  putting  ethei 
(  ]  acidSated  with  sulphuric  acid  outside,  and  thereby  _  obtained 

U  cSou  les^^^^  [If  ^^ogs  blood  be  sealed  up  on  a  microscopic 

Fig.  27.  slide  along  with  a  few  drops  of  water  for  several  days,  long  colom- 

TT  d  .  crystals         1  ss  acicular  crystals  are  developed  in  it  {SUrhng  and  Bnto).] 

"tSlDS  OF  THE  STROMA.-Dry  red  human  blood-corpuscles 
t  i.  fVom  5  10-12-24  per  cent,  of  these  proteids,  but  little  is  known  about 
contain  from  o       ^-  ^^  1        globulin,  which  is  combined  with  a  body  resem- 

Sg  Sn^(rÄ  <^ 

stroma  tends  to  form  masses  which  resemble  fibrin. 

Tlln  found  a  body  resembling  mucin  in  the  nuclei  of  red  blood-corpuscles,  and  Miescher 

water-or  other  reagents,_  such  as  (^^Llute  a^^^^  colourless  less  soluble  part 

which  they  contain  is  f  f  J^^.  ^«.^^^^^^^^^  The  tCiata  retain  somewhat  the  shape  of  the 
:^itl— dL,^^^^^^^^  P-teid,  lecithin,  Cholesterin,  and  inorganic  salts 

(chiefly  potassium  pliosphate  ]  defibrinated  blood  with  a  very  large  volume  of  1  per 

[The  stromata  are  obtained  by^  i^^^^^^^^^        ^^^^^^^^  ^^.^^        ^,^^^^,ta  with  various  sahne 
cent,  sodic  chloride.    The  proteias  oau  ^^^^^  _ 

media,  e.g.,  Na  SO,  (^^^^  "-^^^^i^^.^ee^^^^  Hali  kirfon  cllls  ^cell-globulin-a  globulin 

The  saline  extract  f  ^t^"^^^^!*Xre  ^^^^  by  salts  and  other  reagents,  and  m 

that  in  heat-coagulation  ^^ejpe  jtm^'  P[^^^^^^  derived  from  lymph-cells  or  whi  e 

ferment  activity  resembles  P^^f^^^^^^^^^^^^  ..^d  cell-globulin  are  probably  identical.  CeU- 
blood-corpuscles  (p.  33),  so  that  sw^^^^  minute  traces,  nor  does  nuclein  or  nucleo-albumm 
Albumin  is  either  absent  or  oniy  present  in  n  '  certainly  absent.]  .  ^ 

appear  to  be  present,  ^^d^.  ^^^^^^^^^^^^^^^^^^  i.e.,  it  'can  cause  the_ formation  o 

'[The  proteid  cell-globulm  has  fi^^^^^^^^  pericardial  fluid,  but  it  is  not  decided 

fibrin  to  take  place  m  a  suitable  ^^^iid.  ^-.^^  identical  or  merely  in  close  relationship  with 

whether  the  ceU-globuUn  and  .fi^nn-terme^^^^^  the  former  view  (Ramburto.i). 

one  another,  the  balance  of  ^^^.^^J  J  ^^e^^^^^  the  proteids  of  the  coloured  and  the 

phosphoric  acid,  two  atoms  of  ,11  ^^^"«P^^y^X  Syc^^^^^^^^^^      phosphoric  acid  {§  250). 

Si„rd^:v.tÄoÄ^^^  ™ 
from  the  amount  of  phosphorus  in  the  ethereal  extract. 

IV  Water  (681-63  per  1000— a  ScAmic^O-  . 

Y.'  Salts  (7-28  per  1000),  chiefly  ^or.vo^-'^.oipo^^^^^^^ 


Sec.  23.]  COMPOSITION  of  blood. 

Analysis  of  Blood.— 1000  parts,  by  weight,  of  horse's  blood  contain  :— 

344-18  blood-corpuscles  (containing  about  128  per  cent,  of  solids). 
655-82  plasma  (containing  about  10  per  cent,  of  solids). 
1000  parts,  by  weight,  of  moist  blood-corpuscles  contain  :— 

Solids,    .       .       .       .       367-9  (pig)  ;  400-1  (ox). 
Water,    .       .       .       .  632-1 

The  solids  are  : — 

Hfiemoglobin,  ...... 

Proteids,  ....... 

Lecithin,  Cholesterin,  and  other  Organic  Bodies," 
Inorganic  salts,  .       ,       .       ,    ^  . 

f  Potash,  

I  Magnesia, 

Including  -{  Chlorine,        .       .       .       .  . 

I  Phosphoric  Acid,  .... 
I  Soda,  .... 


599-9  ,,' 

Pig. 

Ox. 

261 

280-5 

86-1 

107 

12-0 

7-5 

8-9 

4-8 

5-543 

0-747 

0-158 

0-017 

1-504 

1-635 

2-067 

0-703 

0 

2-093  (^?«i^e). 

following  table 
Water, 


blood  is  given  in  the 


Composition  of  Human  Blood  as  a  Whole. 


Solids— of  these- 


780 


Haemoglobin,   134  ^ 

Serum-albumin,   \                                  '       '  '  i 

Serum -globulin,   j   '^1 

Fibrin  of  Clot  (?  Fibrinogen),     ....  2*2  1 220 

Inorganic  Salts  (of  serum),         .       .       .       .  g.g  j 

Extractives,        ......  6-2 

Fatty  matters,    ....               '  -i.a  I 

Gases,  0.  CO.,,  K]                                       ...  i  *  ; 
Moist  red  blood-corpuscles  contain  30-40  per  cent,  of  solids  and  70-60  per  cent,  of  water  Of 

älffuStatl]          "'^"'^'^                                 ^--"gl^bin,  8'proteid  maJS,  and  2 

24.  CHEMICAL  COMPOSITION  OF  THE  WHITE  CORPUSCLES  -Investi 
gations  have  been  made  on  pus  cells  (Miescher),  which  closely  resemble  colourless 
blood-corpuscles.  They  contain  several  proteids ;  alkali-albuminate,  a  proteid 
which  coagulates  at  48  C,  an  albuminate  resembling  myosin,  paraglobulin,  peptone 
and  a  coagulating  ferment;  nuclein  in  the  nuclei  (iS  250,  2)  ^Ivcocren  959\' 
lecithin,  cerebrin,  Cholesterin,  and  fat.  ^  ^  ^^o^en  ^§  .ö.), 

100  parts,  by  weight,  of  dry  pus  contain  the  following  Salts  •— 
Earthy  Phosphates,       .       .       0-416      |     Potash,    .       .  0-201 
Sodic  Phosphate  .       .       0-606      |     Sodic  Chloride,        .       [  o-143 

^^esetSk  contiin  :-  ^  ''''''''''''  of  lodlim  suh^.X: 

lil  n®!i'^i°5^^^         ^^^^^^  quantity.    It  coagulates  at  48  -50°  C. 

/       .  ^^'F  l^^antity,  and  is  either  identical  with  or  closely  associated  with 

coagulates  in  5  per  cent.  MgSO^  solution  at  75°  C.        ^  ^^so^^^^ted  ^Mth 
(.3)  Cell-albumm,  which  coagulates  at  73°  C 

(4)  Mucin-like  body  (Miescher),  and  called  hyaline  substance  by  Rovida.  It  is  however  not 
mucui,  IS  rich  m  phosphorus,  and  yields  nuclein  on  gastric  digestion,  in  additLn  to  Smo  e. 

peptones,  so  that  it  belongs  to  the  class  of  nucleo-albumins  ^^aition  to  albumoses 

(5)  If  the  cells  be  not  examined  when  they  are  quite  fresh,  they  become  acid  from  the  forma 
tion  of  sarcolactic  acid  and  the  proteolytic  action  of  a  ferment  (pepsin  ?)  found  in  the  cdl' 
comes  into  play  with  the  subsequent  formation  of  albumoses  and  peptones  ' 
generally^' '""^  "'""^  P''''"*     "  typicalcell  and  in  protoplasm 

25.  BLOOD-PLASMA  AND  ITS  RELATION  TO  SERUM.-The  unaltered 
fluid  in^  which  the  blood-corpuscles  float  is  called  blood-plasmT  orifquor 
sanguinis.  This  fluid,  however,  after  blood  is  withdiwn  from  the  vessels 
rapidly  undergoes  a  change,  owing  to  the  formation  of  a  solid  fibrous  substance-^ 
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BLOOD-PLASMA. 


[Sec.  25. 


filirin  \fter  this  occurs,  tlie  ncAV  fluid  which  remains  no  longer  coagulates 
fnonLe;;^^^^^^^  ^^^^^^        fibrin-factors),  and  is  called  Dlood-serum. 

TpartTom  ^^^^  of  the  fibrin-factors,  the  chemical  composition  of  plasma 

and  serum  is  the  same. 


When  blood  coagulates.  Table  I. 
shows  what  occurs  when  it  is  'beateii : 
I. 

Coagulation. 

Blood. 


shows  what  takes  place,  while  Table 


II. 


Plasma. 
I  


OoiTuscles. 


Serum. 


Fibrin-factors 


Blood-Clot, 


II. 

WlierL  beaten. 

Blood. 

I 


Corpuscles 


Fibrin-factors. 


Seram. 
I  


Deflbrinated  Blood. 


Plasma  is  a  clear,  transparent,  slightly  thicldsh  fluid,  «  J;;^ ^"j]-^^^ 
(rabbit,  ox,  cat,  dog),  is  almost  colourless  ;  in  man  it  is  yellow,  and  m  the  hor.e 
citron  yellow. 

9fi  PREPARATION  OF  PLASMA.-(A)  Without  Admixture. --Taking 
ad^ntrg!!?™  that  Pias-,  when  cooled  to  0"  ^^^^^  S"o 

STs  t^X  ^IlnkTaS  yrthe^ 
ptX.^f  ved,  as  itj>ws  .^m^n  arte^,  in.  a  ^aU  n.^^^^^^^ 
3rSe  fa       hourt  whUe  tleV-  remains  above  as  a  clear  layer 

iiS  Ä  f VrX^onrits  £if ^ 

^TBrwitrAdmixture.-Blood  flowing  from  an  artery  is  caught  in  a  tall  vessel 
conU  ning  ith  rf  ts  volume  of  a  concentrated  solution  o   sodic  sulphate  {Hewson) 
or  in  a^aS  p»  cent,  solution  of  niagnesic  sulphate  (1  vol.  to  4  ™ls.  blood- 
_or  m  a  ^  vols  of  a  4  per  cent,  solution  of  monophosphate 

S' "ÄMa/a      When  he  blood  is  mixed'^  with  these  fluids  and  put  n  a  coo 

r^m^a^rmheTlÄo^J^^^^^ 

Ä  the^titltof Vater  (JoiJmüuI).  ^]<>^J'^^,:,Z^X:A 

:cÄ-tÄ^^^^^^^ 

time.] 

97  rOAGULATION   OF    THE    BLOOD. -FIBRIN. -[Blood   withm  the 
livigÄS  and  when  first  shed  it  remains  so  for  a  short  time.  After 
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a  brief  interval  it  becomes  viscid,  and  then  the  whole  mass  becomes  solid,  clots,  or 
coagulates,  forming  a  complete  jelly,  so  that  at  first  the  whole  mass  can  be  emptied 
out  of  the  vessel  in  which  it  has  set,  and  forms  a  mould  having  the  shape  of  the 
vessel.    The  coagulation  is  due  to  the  formation  of  a  body  called  fibrin.] 

General  Characters.— Fibrin  is  that  substance  which,  becoming  solid  in  shed 
blood,  in  plasma  and  in  lymph  causes  coagulation  of  these  fluids.  In  these 
fluids,  when  left  to  themselves,  fibrin  is  formed,  consisting  of  innumerable, 
excessively  dehcate,  closely-packed,  microscoi^ic,  doubly  refractive' fibrils  (fig.  9,  E).' 
These  fibrils  entangle  the  blood-corpuscles  as  in  a  spider's  web,  and  form  witli 
them  a  jelly-like  solid  mass  called  the  blood-clot,  crassamentum,  or  placenta 
sanguinis.  At  first  the  clot  is  very  soft,  and  after  the  first  2  to  15  minutes  a 
few  fibres  may  be  found  on  its  surface ;  these  may  be  removed  with  a  needle, 
while  the  interior  of  the  clot  is  still  fluid.  The  fibres  ultimately  extend  through- 
out the  entire  mass,  which,  in  this  stage,  has  been  called  cruor.  After  from  12^to 
15  hours  the  fibrin  contracts,  or  at  least  shrinks  more  and  more  closely  round  the 
corpuscles,  and  a  fairly  solid,  trembling,  jelly-like  clot,  which  can  be  cut  with  a 
knife,  IS  formed.  During  this  time  the  clot  takes  the  shape  of  the  vessel  in 
which  the  blood  coagulates,  and  expresses  from  its  substance  a  fluid— the  blood- 
serum.  Fibrin  may  be  obtained  by  washing  away  the  corpuscles  from  the  clot 
with  a  stream  of  water. 

Crusta  Phlogistica.— If  the  corpuscles  subside  very  rapidly,  and  if  the  blood 
coagulates  slowly,  the  upper  stratum  of  the  clot  is  not  red,  but  only  yellowish,  on 
account  of  the  absence  of  coloured  corpuscles.  This  is  regularly  the  case  in  horse's 
blood,  and  in  human  blood  it  is  observed  especially  in  inflammations ;  hence  this 
layer  has  been  called  crusta  phlogistica.  Such  blood  contains  more  flbrin  and  so 
coagulates  more  slowly.  ' 

The  prusta  is  formed  under  other  circumstances,  e.g.,  with  increased  sp.  ffr.  of  the  corpuscles 
or  diminished  sp  gr  of  the  plasma  (as  in  hydrfemia  and  chlorosis),  whereby  the  corpuscles  sink 
more  rapidly,  and  also  during  pregnancy.  The  taller  and  narrower  the  glass,  the  thicker  is 
the  crusta  (compare  §  41).  The  upper  end  of  the  clot,  where  there  are  fevv  corpuscles,  shrinks 
ZTri  therefore  smaller  than  the  rest  of  the  clot.    This  upper,  lighter-coloured  layer  is 

called  the  •  buffy  coat  ;  but  it  gradually  passes  both  in  size  and  colour  into  the  normal  dark- 
coloured  clot.  [Sometimes  the  upper  surface  of  the  clot  is  concave  or  "  cupped  "  The  older 
physicians  attached  great  importance  to  this  condition,  and  also  to  the  occurrence  of  the  butfy 

Defibrinated  Blood.— If  freshly-shed  blood  be  beaten  or  whipped  with  a  glass 
rod,  or  with  a  bundle  of  twigs,  fibrin  is  deposited  on  the  rod  or  twigs  in  the  form 
of  a  sohd,  fibrous,  yellowish-white,  elastic  mass,  and  the  blood  which  remains  is 
called  defihrinated  Uood''  (p.  34).  [The  twigs  and  fibrin  must  be  washed  in  a 
stream  of  water  to  remove  adhering  corpuscles.] 

Coagulation  of  Plasma.— Plasma  shows  phenomena  exactly  analogous,  save 
that  the  clot  is  not  so  well  marked,  owing  to  the  absence  of  the  resisting 
corpuscles;  there  is,  however,  always  a  soft  trembling  jelly  formed  when  plasma 
coagulates.  [In  Hewson's  experiment  on  the  blood  of  a  horse  tied  in  a  vein,  he 
found  that  the  plasma  coagulated— fibrin  being  formed,  so  that  he  showed  coagula- 
tion to  be  due  to  changes  in  the  plasma  itself  (§  29).] 

Properties  of  Fibrin.— Although  the  fibrin  appears  voluminous,  it  only  occurs 
to  the  extent  of  0-2  per  cent.  (OT  to  0-3  per  cent.)  in  the  blood.  The  amount 
varies  considerably  in  two  samples  of  the  same  blood.  It  is  insoluble  in  water 
and  ether;  alcohol  shrivels  it  by  extracting  water;  dilute  hydrochloric  acid  (OT 
per  cent.)  causes  it  to  swell  up  and  become  clear,  and  changes  it  into  syntonin  or 
acid-albumm  (§  249,  III.).  When  fresh,  it  has  a  greyish-yellow  fibrous  appear- 
ance, and  IS  elastic;  when  dried,  it  is  horny,  transparent,  brittle,  and  friable. 

aMe?  ?r.?^i*  ^i«««l^.«sin  6-8  per_  cent,  solution  of  sodium  nitrate  or  sulphate,  in  dilute 
alkalies,  and  m  ammonia,  thus  forming  alkah-albuminate.    Heat  does  not  coagulate  these 


PHENOMENA  OF  COAGULATION.  [SeC.  27. 

solutions.  [It  is  ,..so  solubl.,  ^^^^Z^'^^Z^f  ^^'1^1  tX^^X^ 
salts,  e.g.,  NaCl,  y'«W'",g^™''')°-Slf"™?  1  haj  been  exposed  to  the  air  fov  a  long 

wUhdrawal  of  food  accelerates  coagulation  (S^.  Fzcrorrf^). 

28  GENERAL  PHENOMENA  OF  COAGULATION.-I.  B  ood  in  direct 
coZctw^th  living  unaltered  Wood-vessels  does  not  eoagu  ate.  [Hewso 
imfJthalwfen  he  tied  the  jugtüar  vein  of  VT  v^!;  tlfe  U  t 

exc  se  1  it  the  Wood  did  not  coagidate  for  a  long  time.]    Brücke  filled  the  lieait 

li   v^oiiuiiiui         „  , .  or  concentrated  solntions  of  7ieutral  salts 

r  lÄfe  a  /  S  (XCe  ehloride.,  sulphates,  phosphates,  nitrates, 
{rhtatt?  Magnesic  .ulpl!ate  acts  most  ^^o^^u^ei^u.,  coagulation 
(1  vol.  sohition  of  28  per  cent,  to  3^  vols  blood  of  the  horse  . 

(M  Precipitation  of  the  fibrino-plastin  by  adding  weak  acids,  oi  CO,. 

colgukted  blood  be  brought  into  contact  .vith  a  layer  of  already-formed  fibun, 

"ÄfcoT(0"' t)'  coagulation  may  be  delayed  for  one  hour.  If  bloo;!  is 
frot^i  !t'onc'  ifter  tliwinlit  is  still  fluid,  and  then  coagulates  (He.son).    ^^  hen 

of  incubation  (Boll)  ;  that  of  the  hepatic  vein  very  slightly  ;  menstrual  W»«?^!^»« 
'    Mtr  endenc^^  ^vhen  alkaline  mucus  from  the  vagina 

r  If  U  be%apidly°discharged,  it  coagulates  in  masses.    Fcetal  blood  at  the 

'^T^f^nJ^'S^  inflamed  parts  coagulates  slowly,  but  the  clot  so 

*°';;r[Blood  coagulates  more  slowly  m  a  smooth  than  a  rough  vessel,  and  also  in 

coagulates  more  ^^^^^^^^^ 

physical  one  between  the  blood  and  the  oil.  J 
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when  shed  does  not  coagulate.  Schmidt-Mülheim  found  that  after  the  injection  of  pcptonr  into 
the  blood  (0-5  gram  per  kilo.)  of  a  dog,  the  blood  lost  its  power  of  coagulating.  [This  occurs  in 
the  dog,  but  not  in  the  rabbit.  Peptonised  blood  coagulates  when  it  is  treated  with  CO.,  or  water. 
It  appears,  however,  that  it  is  not  the  peptone  which  prevents  the  coagulation,  but  the  albiimoses 
ailhermg  to  it  which  do  so.]  A  substance  is  formed  in  the  plasma,  which  prevents  coagulation 
but  which  IS  T)recipitated  by  CO,,.  Lymph  behaves  similarlv  {Fano).  After  peptones  are 
injected,  there  is  a  great  solution  of  leucocytes  in  the  blood  {v.^ Samson-Hiimnelstjerna).  The 
secretion  of  the  mouth  of  the  medicinal  leech,  [although  its  action  is  not  due  to  a  ferment 
{Haycraft)\  and  snake  poison  also  prevent  coagulation  (  Wall).  [Diastatic  ferment  {Salvioli) 
and  tlie  poisonous  substance  in  the  serum  of  eels'  blood  {Mosso)  also  prevent  coagulation.] 

Haemophilia.— A  very  slight  scratch  in  some  persons  may  cause  very  free  bleeding.  These 
persons  are  called  colloquially  "bleeders,"  and  are  said  to  have  haemophilia  or  the  hgemorrhagic 
diathesis.  In  "bleeders"  coagulation  seems  not  to  take  place,  owing  to  a  want  of  the 
substances  producing  fibrin  ;  hence,  in  these  cases,  wounds  of  vessels  are  not  plngged  with 
fibrin.  [A  tendency  to  haemorrhage  occurs  in  scurvy,  purpura,  in  some  infectious^diseases, 
such  as  typhus,  plague,  yellow  fever,  and  in  poisoning  with  phosphorus.] 

_  [Leech  Extract.— A  watery  extract  of  the  buccal  cavity  of  the  leech— the  secretion  probably 
is  derived  from  the  epithelial  cells  lining  the  sucker  and  buccal  cavity— when  injected  into  the 
blood-vessels  of  a  dog  or  rabbit,  or  mixed  with  the  uncoagulated  blood  of  these  animals,  prevents 
coagulation  for  a  much  longer  time  than  is  the  case  with  the  injection  of  so-called  peptones  for 
It  IS  really  the  albumoses  mixed  with  the  peptones  which  prevent  coagulation  in  the  blood  of 
the  dog.  The  action  of  leech-extract,  like  that  of  the  products  of  digestion,  is  not  permanent 
When  injected  it  produces  far  milder  constitutional  symptoms  than  albumose,  but  its  action 
on  the  blood  is  far  more  powerful.  It  is  eliminated  by  the  kidneys.  So  far  this  active 
principle  has  not  been  isolated,  although  it  is  soluble  in  water,  saline  solutions,  and  insoluble 
m  alcohol,  ether,  and  chloroform  {Raijcraft).] 

III.  Coagulation  is  accelerated— («)  By  contact  with  foreign  Substances  of 
all  kinds,  but  only  when  the  blood  adheres  to  them,  hence  threads  or  needles 
introduced  into  arteries  are  rapidly  covered  with  fibrin.  [The  coagulation  always 
begins  around  the  foreign  body.]  Blood  does  not  coagulate  in  contact  with  bodies 
covered  with  fat  or  vasehne  {Freund).  Even  the  introduction  of  air-bubbles  into 
the  circulation  or  the  passage  of  indifferent  gases,  or  H,  through  blood, 
accelerates  it.  The  pathologically  altered  wall  of  a  vessel  acts  hke  a  foreign  body! 
Blood  shed  from  an  artery  .rapidly  coagulates  on  the  walls  of  vessels,  on  the 
surfaces  exposed  freely  to  air,  and  on  the  rods  or  twigs  used  to  beat  it. 

{h)  The  products  of  the  retrogressive  metabolism  of  proteids  (uric  acid,  giycin, 
leucni,  taurin,  kreatin,  sarkin,  but  not  urea)  favour  coagulation  by  inc'reasecl 
ferment-formation  ;  but  if  they  are  added  in  excess,  they  retard  the  process. 

(c)  From  a  vvatery  extract  of  the  testis  or  thymus,  on  the  addition  of  acetic  acid,  is  precipitated 
a  substance  which  is  soluble  in  sodic  carbonate.  It  is  a  mixture  of  lecithin  and  albumin,  and 
when  It  IS  injected  into  the  blood-stream  it  causes  almost  instantaneous  death  by  intravascular 
coagulation  {JVooldridge).  [Injection  of  a  watery  extract  of  the  thymus,  supra-renal  capsules, 
and  testis  suffice  to  produce  extensive  intra-vascular  clotting,  and  even  the  injection  of  laky 
blood  accelerates  coagulation.]  ^  ^ 

(d)  During  rapid  haemorrhage,  the  last  portions  of  blood  coagulate  most  rapidly 
{Jiolzmann). 

(e)  Heating  the  blood  from  39°  to  55°  C.  (Hewson). 
if)  Agitation  of  the  blood  {Hewson  and  Hunter), 
[ig)  The  addition  of  a  small  quantity  of  water. 

{h)  A  loatery  condition  of  the  blood.    The  clot  is  small  and  soft. 
{i)  Contact  with  oxygen,  or  free  exposure  to  the  air. 

But  contact  with  oxygen  is  not  necessary  for  coagulation  to  take  place,  as  this 
occurs  m  contact  with  indifferent  gases,  as  well  as  in  a  vacuum.] 

IV.  Rapidity  of  Coagulation.— Amongst  vertebrates,  the  blood  of  birds 
(especially  of  the  pigeon)  coagulates  almost  momentarily;  in  cold-blooded  animals 
coagulation  occurs  much  more  slowly,  while  mammals  stand  midway  between  the 

miS^'^df     f  fowl  begins  to  coagulate  in  4  to  1^  minute;  pig,  sheep,  rabbit,  in  i  to 
mmute  ,  dog,  1  to  3  minutes  ;  horse  and  ox,  5  to  13  minutes;  man,  3  to  4  minutes;  solidifica- 


CAUSE  OF  COAGULATION  OF  BLOOD.  [SeC.  28. 

1  X  J  •  n  n  rr^innfP^  (N'a'i'iß)  1  The  blood  of  invertebrates,  which  is  usually 
XSeTwCitTs  I'^diledTrS^^fonnTf  ift,  whitish  dot  of  ftUin,  Even  in  lyn>ph  and 
chyle  a  small  soft  clot  is  formed.  •    r  + 

Y  When  coagulation  occurs,  the  aggregate  condition  of  the  hbrin-lactors  is 
altered  so  that  heat  must  be  set  free  1844).  ,i 

VI  In  blood  shed  fron,  an  artery,  the  degree  of  alkalmity  dimmishes  from  he 
time  of  its  being  shed  until  coagulation  is  completed  (Pfluger  and  ZnnU).  This  is 
^obj'ly  d"e  to  a  decompositiori  in  the  blood,  whereby  an  acid  is  developed,  which 

diminishes  the  alkahnity  (p.  2).  .    ^.       -  <.,,„  n  ■         i,i„„rl  siltboiiob 

VII  During  coagulation  there  is  a  diminution  of  the  0  m  the  blood,  altlioiign 
a  simUai^lecrease  also  occurs  in  non-coagulated  blood.    Traces  of  ammonm  are  also 

ok  whMr  Richardson  erroneously  supposed  to  be  the  cause  of  the  coagula- 
tion  of  the  blood. 

TTliis  is  refi,ted-(l)  Ijy  tlie  fact  that  blood,  when  collected  under  mercury  ("li«=i;eby  no  escape 
otS„ni'a1s";o.,silll)  Lo  coagulates  ;  ^J^^ ^^1^^;^^^^::;^^^  o7ü.l 

"NlÄe"d\^;e:re:!  t^SL":  o1':^nLl*^:rs'r  L*ve  any  causal  efnuection 

"tttÄ-wten  *'e  4ood  coagulates  within  the  -ssels  Wif e^^^  ^^<^ 

Wocks  up  alesset  the  piul  is  called  an  embolus,  and  the  result  emhohsm. 

Coagulable  Fluids.-With  regard  to  coagulability,  fluids  containmg  proteids 

may  he  classified  thus  : — 

(1)  Those  that  coagulate  spontaneously,  i.e.  ^^^^^d  lymph  chyle  cavities  •  for 

"?3rTL"s:  whicht  Z^a^ulaU,  milk  or  seminal  fluid,  which  do  not  seem  to  contain 
''^!q°Tjttst'  nv  TWE  OOAGÜLATION  OF  BLOOD.— [Hewson'sExperiments (1772). —Hewson 

■Pd  roiiuscles  sank  (RC),  and  left  a  clear  layer  of  plasma  on  the  suilace  F).  Un 
fl  P  vP.^el  into  the  fluid,  coagulation  begins  around  the  foreign  body,    ihe  glass 

'^utXu'Jevented  coagulation  indefinitely,  but  coagulat.on  took  place  when 
Vein  of  horse  ''^^n'SS.-Th^^erous  saes  o(  the  body  contain  a  fluid  wMeh 

found,  howevc,  that  if  to  the  flmd  of  ascites  P'^-i'- °r  hy^^^^^^^^^^ 
clear  blood-serum,  then  coagulation  takes  place,  i.e.   two  fluids  neitnei 
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tendency  hj  itself  to  coaaulate— form  a  clot  when  they  are  mixed  (1831).  He  also  found  that 
if  "washed  blood-clot"  (which  consists  of  a  mixture  of  fibrin  and  colourless  corpuscles)  be 
added  to  hydrocele  fluid,  coagulation  occurred.  He  compared  the  action  of  washed  blood-clot 
to  the  action  of  rennet  in  coagulating  milk,  and  he  imagined  the  agents  which  determined  the 
coagidation  to  he  colourless  coiyuscles.  Thus,  the  bufFy  coat  of  horses'  blood  is  a  powerful  agent, 
and  it  contains  numerous  colourless  corpuscles.  He  finally  concluded  that  some  constituent  in 
the  plasma,  to  which  he  gave  the  name  of  a  "soluble  fibrin,"  is  acted  upon  by  the  colourless 
corpuscles  and  converted  into  fibrin.  The  soluble  fibrin  of  Buchanan  is  comparable  to  the 
fibrinogen  in  Hammarsten's  theory.    Buchanan,  however,  did  not  separate  the  substance.] 

[Denis's  Plasmine  (1859).— Denis  mixed  uncoagulated  blood  with  a  saturated  solution  of 
sodic  sulphate,  and  allowed  the  corpuscles  to  subside.  The  salted  plasma  thus  obtained  he  pre- 
cipitated with  sodic  chloride.  The  precipitate,  when  washed  with  a  saturated  solution  of  sodic 
chloride,  he  called  plasmine.  If  plasmine  be  mixed  with  water,  it  coagulates  spontaneously, 
resulting  in  the  formation  of  fibrin,  while  another  proteid  remains  in  solution.  According  to 
the  view  of  Denis,  fibrin  is  produced  by  the  splitting  up  of  plasmine  into  two  bodies— fibrin 
and  a  soluble  proteid.] 

[If  to  plasma,  e.g.,  from  horse's  blood,  there  be  added  NaCl  to  the  extent  of  13  per  cent.,  a 
white  viscid  precipitate  is  thrown  down.  If  this  precipitate  be  removed,  and  more  NaCl  added, 
or  MgSO^  crystals,  another  proteid,  white  and  granular,  is  precipitated.  The  former  is  fibrinogen^ 
and  the  latter  para-globulin,  so  that  the  so-called  plasmine  of  Denis  really  consists  of  two 
Proteids;  only  the  former,  however,  is  converted  into  fibrin.] 

[Brücke's  experiments  were  directed  to  the  question  why  the  blood  does  not  coagulate  within 
the  vessels.  Hewson  had  shown  that  blood  remains  fluid  for  6-14  hours  in  the  vessels  after  the 
death  of  the  animal  (dog).  In  the  case  of  cold-blooded  animals,  e.g.,  the  turtle  at  +  l°  0,  the 
blood  remained  fluid  for  six  to  eight  days.  Again,  the  blood  remained  fluid  in  the  excised  heart 
of  a  turtle  kept  moist  under  a  bell  jar  as  long  as  the  heart  continued  to  beat  and  until  the 
cardiac  walls  lost  their  excitability.  A  foreign  body  introduced  into  the  blood-vessels  was  soon 
surrounded  with  a  clot  of  fibrin,  which  was  always  deposited  on  the  foreign  body  itself  and  not 
on  the  walls  of  the  blood-vessels.  The  same  results  were  obtained  in  mammals,  and  especially 
in  new-born  animals.  This  action  of  the  vascular  wall  in  preventing  coagulation  only  exists  as 
long  as  the  wall  itself  is  intact  and  alive.] 

[Lister  maintained  that  the  blood  has  no  spontaneous  tendency  to  clot,  as  Brücke  supposed, 
but  that  it  only  clots  when  brought  into  contact  with  foreign  matter,  and  this  is  the  view  now^ 
generally  held.] 

[A.  Schmidt's  Researches  (1861).— This  observer  rediscovered  the  chief  facts  already  know^n 
,-to_ (Buchanan,  viz.,  that  some  fluids  which  do  not  coagulate  spontaneously  clot  when  mixed 
with  other  fluids,  which  show  no  tendency  to  coagulate  spontaneously,  e.g.,  hydrocele  fluid  and 
blood-serum.  He  isolated  from  these  fluids  the  bodies  described  as  fibrinogen  and  fibrino- 
plastin.  The  bodies  so  obtained  were  not  pure,  but  Schmidt  supposed  that  the  formation  of 
fibrin  was  due  to  the  interaction  of  these  two  proteids.  The*reason  hydrocele  fluid  does  not 
coagulate,  he  says,  is  that  it  contains  fibrinogen  and  no  fibrino-p'lastin,  while  blood-serum  con- 
tains  the  latter,  but  not  the  former.  Schmidt  afterwards  discovered  that  these  two  substances 
may  be  present  in  a  fluid,  and  yet  coagulation  may  not  occur  (e.«/.,  occasionally  in  hydrocele 
fluid).  He  supposed,  therefore,  that  blood  or  blood-serum  contained  some  other  constituent 
necessary  for  coagulation.  This  he  afterwards  isolated  in  an  impure  condition  and  called 
fibrin-ferment.  ] 

A.  Schmidt's  theory  of  Coag^ulation  is  that  fibrin  is  formed  by  the  comins 
together  of  two  proteid  substances  which  occur  dissolved  in  the  plasma,  viz.:— (1) 
fibrinogen,  i.e.,  the  substance  which  yields  the  chief  mass  of  the  fibrin,  and  (2) 
fibrino-plastic  substance  or  fibrino-plastin.  The  latter  terms  are  now  rarely  used, 
having  been  replaced  by  either  of  the  following— serum-globulin  or  para-globulin, 
§  32.  In  order  to  determine  the  coagulation  a  ferment  seems  to  be  necessary,  and 
this  is  suppHed  by  (3)  the  fibrin-ferment.  [Reviewing  all  the  evidence,  it  seems 
quite  certain  that  para-globulin  is  not  concerned  in  the  process  of  coagulation,  so 
that  Schmidt's  theory  has  now  given  place  to  that  of  Hammarsten  (p  41).] 

1.  Properties  of  Fibrinogen  and  fibrino-plastin.— They  belong  to  the  group  of 
Proteids  called  globulins,  i.e.,  they  are  insoluble  in  pure  water,  but  are  soluble  in 
dilute  saline  solutions  {e.g.,  common  salt,  §  249),  and  are  not  distinguished  from 
each  other  by  well-marked  chemical  characters.    Still  they  difi'er  as  follows  :— 

Fibrino-plastin  or  Serum-globulin  is  more  easily  precipitated  from  its  solutions 
than  fibrinogen.  It  is  more  readily  redissolved  when  once  it  is  precipitated.  It 
forms  when  precipitated  a  very  Hght  granular  powder,  [and  its  saline  solution 
coagulates  at  75°  C.]. 


FIBRIN  AND  ITS  FACTORS.  [SeC.  29. 

Fibrinogen  adheres  as  a  sticky  deposit  to  the  side  of  the  vessel.    It  coagulates 

On  account  of  their  great  similarity,  both  substances  are  not  usually  prepared 
from  blood-plasma.  Fibrinogen  is  prepared  from  serous  transudations  (pericardial, 
abdominal,  I  pleuritic  fluid,  or  the  fluid  of  hydrocele),  which  contam  no  hbnno- 
plastin.  Fihrino-pladin  is  most  readily  prepared  from  sermn,  m  which  theie  is 
still  plenty  of  fibrino-plastin,  but  no  fibrinogen.  i  v  r«     /  \ 

2.  Preparation  of  Fibrino-plastin,  Serum-globulin,  or  Paraglobul m.-(a 
Dilute  blood-serum  with  twelve  times  its  volume  of  ice-cold  water  and  almost 
neutralise  it  with  acetic  acid  [add  4  drops  of  a  25  per  cent,  solution  of  acetic  acid 
Tevery  120  c.c.  of  diluted  serum]  ;  or  (6)  pass  a  stream  of  carbon  dioxide  through 
the  diluted  serum,  which  soon  becomes  turbid;  after  a  time  a  fine  white  powder, 

serum  is  not  precipitated  either  "by  adding  acetic  acid  or  by  CO^.  Hammarsten 
found  however,  that  if  crystals  of  magnesium  sulphate  be  added  to  complete 
saturation,  it  precipitates  the  serum-globulin,  but  does  not  precipitate  serum- 
albumin  ;  serum-globulin  is  more  abundant  than  serum-albumm  m  the  serum  of 
the  ox  and  horse,  while  in  man  and  the  rabbit  the  reverse  obtains  ;  (compare  §  62).\ 
Schmidt  found  that  100  c.c.  of  tlie  serum  of  ox  Mood  yielded  07  to  0;8  grm.  ;  horse's 
seram  0  3  to  0^6  grm.  of  dry  fibrino-plastin.  Fibrino-plastin  occurs  not  only  m  serum,  but 
alsoTn  red  blood-?orpuscles,  in  the  fluids  of  connective-tissue,  and  in  the  juices  of  the  cornea. 

3  Preparation  of  Fibrinogen. -This  is  best  prepared  from  hydrocele  fluid, 

although  it  may  also  be  obtained  from  the  fluids  of  serous  cavities,  e  g.,  the  pleura, 
pericardium,  or'  peritoneum.  It  does  not  exist  in  blood-serum  although  it  does 
exist  in  bbod-plasma,  lymph,  and  chyle,  from  which  ^^^^^^^^^f  fl^^^ 

stream  of  CO,,  after  the  paraglobulin  is  precipitated,    (a)  Dilute  ^3^^^^^ f  ^^^^^^ 
with  ten  to  fifteen  times  its  volume  of  water,  and  pass  a  stream  of  CO,  through  it 
for  a  lono'  time,  (b)  Add  powdered  common  salt  to  saturation  to  a  serous  transudation, 
when  a  sticky  glutinous  (not  very  abundant)  precipitate  of  fibrinogen  is  obtained. 
FHammarsten  and  Eichwald  find  that,  although  paraglobulin  and  fibrinogen  are  soluble  ni 

Is  not  precipitated  until  the  amount  of  salt  exceeds  20  per  cent.] 

Properties  of  the  so-called  Fibrin-Factors. -They  are  insoluble  in  pure  water, 
but  dissolve  in  water  containing  0  in  solution  Both  are  soluble  an  very  dilute 
alkalies,  e.g.,  caustic  soda,  and  are  precipitated  from  this  «»If »"  ^0^^^^ 
are  soluble  in  dilute  saline  solutions,  e.g.,  of  common  salt-like  all  globuhns-but 
«  a  certain  amount  of  common  salt  and  some  other  salts,  «.<?.,  MgSO,,  be  added  ii 
excess  they  are  precipitated.  Very  dilute  hydrochloric  acid  dissolves  them,  but 
after  leverll  houls  they  become  changed  into  a  body  resembhng  syntonm  or  acid- 
albunün  (5  249,  III.).  Fibrinogen  held  in  solution  by  common  salt  coagulates  at 
52°  to  55'  0  [Fredcricq  finds  the  fibrinogen  exists  as  s»cA  in  the  plasma ;  it 
coa<nilates  at  56°  C,  and  the  plasma  thereafter  is  uncoagulable  spontaneously.] 

4  Preparation  of  the  Fihrin-Ferment.-(a)  Mix  blood-serum  (ox)  with  wenty 
tints  its  volume  of  strong  alcohol,  and  after  one  month  filter  off  the  deposit  thereby 
produced  The  deposit  on  the  filter  consists  of  coagulated  msoluble  albumin  and  the 
ferment ;  dry  it  carefully  over  sulphuric  acid,  and  reduce  to  a  powder.  Triturate 
r"ram  of  the  powder  with  65  c.c.  of  water  for  ten  niinutes,  and  filter.  The 
ferment  is  dissolved  by  the  water,  and  passes  through  the  filter,  while  the 
coagulated  albumin  remains  behind. 

rfM  ram^ce'sMethod  -Buchanan's  "  washed  blood-clot"  (p.  39)  is  digested  in  an  8  percent. 
soSioX^lm™  The  solution  so  obtained  possesses  in  an  intense  degree  the  properties 
of  Schmidt's  fibrin-ferment.] 
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111  the  preparation  of  fibrino-plastin,  the  ferment  is  carried  down  with  it  niechanicallj'.  The 
ferment  seems  to  be  formed  first  in  fluids  outside  the  body,  very  probably  by  the  dissolution  of 
the  colourless  corpuscles.  More  ferment  is  formed  in  the  blood  the  longer  the  interval  between 
its  being  shed  and  its  coagulation.  It  is  destroyed  at  70°  C.  Blood  flowing  directly  from  an 
artery  into  alcohol  contains  no  ferment.  It  is  also  formed  in  other  protoplasmic  parts 
(liauschenhach),  e.g.,  in  dead  muscle,  brain,  supra-renal  capsule,  spermatozoa,  testicle  {Foa  and 
Pellacani),  and  in  vegetable  micro-organisms  [e.g.,  yeast]  and  protozoa  {Grohmann),  [so  that  it 
would  seem  to  be  a  general  product  of  protoplasm.  As  the  ferment  does  not  pre-exist  in 
colourless  blood-corpuscles,  it  seems  to  be  formed  from  some  mother-substance  in  them,  the 
blood-plasma  itself  decomposing  this  substance.] 

Coagulation  Experiments. — According  to  A.  Schmidt,  if  pure  solutions  of  (1)  fibrinogen,  (2) 
fibrino-plastin,  and  (3)  fibrin-ferment  be  mixed,  fibrin  is  formed.  [As  we  have  already  seen,  (2) 
is  not  essential.]  The  process  goes  on  best  at  the  temperature  of  the  body  ;  it  is  delayed  at  0" ; 
and  the  ferment  is  destroyed  at  the  boiling-point.  The  presence  of  0  seems  necessary  for 
coagulation.  The  amount  of  the  ferment  appears  to  be  immaterial ;  large  quantities  produce 
more  rapid  coagulation,  but  the  amount  of  fibrin  formed  is  not  greater, 

[Foa  and  Pellacani  find  that  a  filtered  watery  extract  of  fresh  brain,  supra-renal  capsules, 
testis,  thymus,  and  some  other  tissues,  when  injected  into  the  blood-vessels  of  a  rabbit,  causes 
coagalation  of  the  blood  in  the  pulmonary  circulation  and  the  h.eart,  death  being  caused  by  t)ie 
action  of  a  substance  identical  with  the  fibrin-ferment.] 

[Nature  of  the  fibrin-ferment,— It  is  a  ]n'oteid  belonging  to  the  group  of  the  globulins,  and, 
according  to  Halliburton,  it  has  the  properties  of  a  cell-globulin,  i.e.,  a  globulin  obtained  from 
the  disintegration  of  cells,  e.g.,  leucocytes  or  lymph-corpuscles  (p.  33),  The  fibrin-ferment  is 
(almost)  identical  with  this  cell-globulin,  A  very  considerable  quantity  of  active  blood-ferment 
may  be  injected  into  the  blood-vessels  of  a  living  animal  without  causing  coagulation  within 
the  blood-vessels.    It  may  be  that  the  ferment  is  destroyed  within  the  vascular  system.] 

[What  the  exact  nature  of  the  action  of  fibrin-ferment  is  on  the  fibrinogen  in  shed  blood  we 
do  not  know  ;  but  the  amount  of  fibrin  formed  is  always  slightly  less  than  the  amount  of 
fibrinogen  acted  on,  there  being  always  formed  a  small  amount  of  another  globulin.  If  the 
solution  of  fibrin-ferment  be  boiled,  all  its  coagulation -determining  properties  are  at  once  and 
permanently  destroyed.] 

The  amount  of  salts  present  has  a  remarkable  relation  to  coagulation.  Unless  a 
certain  amount  of  salts  be  present  in  the  fluid  (1  per  cent.  IS'aCl),  coagulation 
takes  place  slowly  or  partially.  Freund  has  shown  that  the  process  of  coagulation 
is  always  accompanied  by  an  excretion  of  phosphates  of  the  alkaline  earths. 
Fibrin  contains  a  constant  amount  of  phosphates  of  the  alkaline  earths  (p,  36), 
Coagulable  fluids  coagulate  after  the  addition  of  these  salts  ;  they  do  not  coagulate 
in  the  absence  of  these  salts.  The  action  of  adhesion  (p,  37)  in  accelerating 
coagulation  is  said  to  depend  on  the  occurrence  of  the  interaction  during  life  of 
the  phosphoric  acid  or  alkaline  phosphates  present  specially  in  the  cellular  elements 
of  the  blood  with  the  lime  and  magnesia  salts  present  especially  in  the  plasma. 
[Green  finds  that  calcium  sulphate  brings  about  coagulation  in  plasma  which  shows 
little  or  no  tendency  to  clot,  while  coagulation  in  its  absence  is  almost  or  quite 
prevented.] 

[Ringer  and  Sainsbury  have  studied  the  influence  of  salts  on  the  clotting  of  blood  (and  also 
certain  pathological  fluids,  e.g.,  of  ascites,  hydrocele  fluid,  and  milk).  They  confirm  Green's 
statement  that  calcium  sulphate  is  an  essential  to  the  act  of  clotting,  but  they  find  that  calcium 
chloride  also  acts  very  efficiently  in  determining  coagulation.  The  salts  of  strontium  and 
barium  act  like  those  of  calcium  sulphate,  but  are  less  powerful.  The  soda  and  potash  salts 
(NaCl  and  KCl),  on  the  other  hand,  restrain,  prolong,  or  prevent  the  act  of  coagulation  ;  but 
the  soda  salts  are  rather  more  powerful  than  the  potassium  salts.  The  addition  of  lime  salts 
overcomes  the  restraining  influence  of  the  soda  and  potash  salts,  so  that  there  is  an  antagonism 
between  the  salts  of  lime  on  the  one  hand,  and  of  potassium  and  sodium  on  the  other.] 

When  blood  or  blood-plasma  coagulates,  all  the  fibrinogen  is  used  up,  so  that  the 
vserum  contains  only  fibrino-plastin  and  fibrin-ferment;  hence  the  addition  of 
liydrocele  fluid  (which  contains  fibrinogen)  to  serum  causes  coagulation. 

[Hammarsten's  Theory  of  Coagulation, — Hammarsten's  researches  led  him  to 
believe  that  fibrino-plastin  is  quite  unnecessary  for  coagulation.  According  to 
him,  fibrin  is  formed  from  one  body,  viz,,  fibrinogen,  which  is  present  in  plasma 
when  it  is  acted  upon  by  the  fibrin-ferment  ;  the  latter,  however,  has  not  been 
obtained  in  a  pure  state,    ISTeither  he  nor  Schmidt  assert  that  this  body  is  of  the 
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nature  of  a  ferment,  although  they  use  the  term  for  convenience.  It  is  quite 
certain  that  fibrin  may  be  formed  when  no  fibrino-plastm  is  present,  coagulation 
beino-  caused  by  the  addition  of  calcic  chloride  or  casein  prepared  in  a  special  way. 
One*^of  the  conditions  necessary  for  the  action  of  fibrin-ferment  on  fibrinogen 
seems  to  be  the  presence  of  neutral  salts.  If  the  latter  be  completely  removed  the 
formation  of  fibrin  does  not  take  place.  Lime  salts  seem  to  be  m  some  way 
essential  to  the  process,  e.g.,  calcic  sulphate,  while  others  attach  importance  to  the 
presence  of  I^aCl.]  . , 

[The  main  drift  of  the  foregoing  evidence  points  to  the  presence  of  one  proteid 
—fibrinogen— which  exists  dissolved  in  the  blood-plasma,  and  which  under 
certain  circumstances  yields  fibrin.  In  shed  blood  this  act  seems  to  be  determined 
by  a  ferment,  perhaps  derived  from  the  disintegration  of  colourless  corpuscles 
(and  blood-platelets  1),  which  occurs  when  blood  is  shed.] 

[It  must  not  be  forgotten  that  the  presence  of  certain  salts  seems  necessary  to 
the  act  of  coagulation.  As  the  question  at  present  stands,  three  factors  are  recog- 
nised in  the  equation  : — 

(1)  A  coagulable  proteid  (fibrinogen). 

(2)  A  ferment. 

(3)  Certain  salts. 

Up  till  recently  the  first  two  have  attracted  the  greatest  amount  of  attention, 
but  that  the  third  factor  is  also  an  important  one  is  shown  by  the  above-mentioned 
researches.] 

30  SOURCE  OF  THE  FIBRIN-FACTORS— Al.  Schmidt  maintains  that  all  the  three 
substances  out  of  which  fibrin,  according  to  him,  is  formed  arise  from  the  breaking  up  of  colour- 
less blood-corpuscles.  In  the  blood  of  man  and  mammals  fibrinogen  exists  dissolved  m  the 
circulating  blood  as  a  dissolution-product  of  the  retrogressive  changes  of  the  white  corpuscles. 
Plasma  contains  dissolved  fibrinogen  and  serum-albumin.  The  circulating  blood  is  very  rich  m 
colourless  blood-corpuscles-much  richer,  indeed,  than  was  formerly  supposed.  As  soon  as 
blood  is  shed  from  an  artery,  enormous  numbers  of  the  colourless  corpuscles  are  dissolved- 
according  to  Al.  Schmidt,  71-7  per  cent,  (horse).  First  the  body  of  the  cell  disappears,  and 
then  the  nucleus.  The  products  of  their  dissolution  are  dissolved  m_  the  plasnaa,  and  one  ot 
these  products  is  fihrino-plastin.  At  the  same  time  the  fibrin-ferment  is  also  produced,  so  that 
it  would  seem  not  to  exist  in  the  intact  blood-corpuscles.  Fibrino-plastm  and  fibrin-ferment  are 
also  produced  by  the  transition  forms''  of  blood-corpuscles,  1..  those  lorms  which  are 
intermediate  between  the  red  and  the  white  corpuscles.  They  seem  to  bi;eak  up  immediately 
after  blood  is  shed.    The  hlood-plates  (p.  19)  are  also,  probably,  sources  of  these  substances. 

The  leucocytes  have  difterent  degrees  of  resistance  ;  those  of  the  lymph  and  chyle  are  more 
resistant  than  those  of  the  blood,  and  amongst  the  latter  themselves  there  are  various  degrees 

^^Iif  amphibians  and  birds  the  7-^^^  nucleated  corpuscles  rapidly  break  up  after  blood  is  shed 
and  yield  the  substance  or  substances  which  form  fibiin.  Al  Schmidt  convmced  himself  that 
in  these  animals  fibrinogen  is  originally  a  constituent  of  the  blood-corpuscles. 

It  is  clear,  therefore,  according  to  Schmidt's  view,  that  as  soon  as  the  blood-corpuscles 
white  or  red,  are  dissolved,  the  fibrin-factors  pass  into  solution,  and  the  formation  of  fibim 
by  the  interaction  of  the  three  substances  will  ensue.       .     ,  ^.       ,         .  wu„ 

If  a  large  number  of  leucocytes  be  introduced  into  the  circulation  of  an  animal,  the  leucocytes 
are  dissolved  in  great  numbers  in  the  blood,  so  that  death  takes  place  by  diff-use  coagulation 
Should  the  animal  survive  the  immediate  danger  of  death,  the  blood,  owing  to  the  want  ot 
leucocytes,  is  completely  incapable  of  coagulating  {Groth).  .    j  ^^    a   ^       ..^.;AaA  in 

[And.  Buchanan  thoiight  that  the  potential  element  of  his  '  washed  blood-clot  les^ded  in 
the  colourless  corpuscles,  "primary  cells  or  vesicles."  He  hke  Schmidt,  f«^"^  ^^j^* Jc^^^ 
buffy  coat  of  horses'  blood,  which  is  very  rich  in  white  corpuscles,  produced  coagulation  rapidly. 
Buchanan  compared  the  action  of  his  washed  clot  to  that  of  rennet  ii^C'-^^g^^f  ^mg  milk.  J 

Pathological.— Al.  Schmidt  and  his  pupils  have  shown  that  some  ferment,  probably  derived 
from  the  dissolution  of  colourless  corpuscles,  is  found  in  circulating  blood,  and  that  it  is  more 
abundant  in  venous  than  in  arterial  blood,  while  it  is  most  abundant  m  shed  blood  It  is 
specially  remarkable  that  in  septic  fever  the  amount  of  ferment  in  blood  may  increase  o  such 
an  extent  as  to  permit  the  occurrence  of  spontaneous  coagulation  (thrombosis),  which  may  even 
produce  death  {Arn.  Köhler).  In  febrile  cases  generally,  the  amount  of  ferment  is  soinewhat 
more  abundant  {Melberg  and  Birk).    After  the  injection  of  ichor  into  the  blood  an  enoimous 
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number  of  colourless  corpuscles  are  dissolved  {F.  Hoffmann).  The  injection  of  peptone,  Hb, 
and  to  a  less  degree  of  distilled  water,  is  followed  by  dissolution  of  numerous  leucocytes. 

There  are  changes  iu  the  blood,  constituting  true  blood  diseases,  in  which  the  physiological 
metabolism  of  the  colourless  corpuscles  is  enormously  increased,  so  that  the  metabolic  products 
accumulate  in  the  blood  {Alex.  Schmidt).  The  result  of  this  is  spontaneous  coagulation  within 
the  circulatory  system,  and  death  even  may  occur;  there  is  always  an  increase  of  tempera- 
ture.   After  such  a  condition  the  coagulability  of  the  blood  is  diminished, 

31.  Formation  of  Fibrin, — After  several  observers  had  shown  that  the  red  blood-corpuscles 
(bird,  horse,  frog)  participate  in  the  production  of  fibrin,  Landois  observed,  in  1874,  nnder  the 
microscope  that  the  stromata  of  the  red  blood-corpuscles  of  mammals  passed  into  fibrin.  If  a 
drop  of  defibrinated  rabbit's  blood  be  placed  in  serum  of  frog's  blood,  without  mixing  them,  the 
red  corpuscles  can  be  seen  collecting  together;  their  surfaces  are  sticky,  and  they  can  only  be 
separated  by  a  moderate  pressure  on  the  cover-glass,  whereby  some  of  the  no^v  spherical  corpuscles 
are  drawn  out  into  threads.  The  corpuscles  soon  become  spherical,  and  those  at  the  margin 
allow  the  hsemoglobin  to  escape  ;  the  decolorisation  progresses,  from  the  margin  inwards,  until 
at  last  there  remain  masses  of  stroma  adhering  together.  The  stroma-substance  is  very  sticky, 
but  soon  the  cell-contours  disappear,  and  the  stromata  adhere  and  form  fine  fibres.  Thus 
(according  to  Landois)  the  formation  of  fibrin  from  red  blood-corpuscles  can  be  traced  step 
by  step.  The  red  corpuscles  of  man  and  animals,  when  dissolved  in  the  serum  of  other 
animals,  show  much  the  same  phenomena. 

Stroma-Fibrin  and  Plasma-Fibrin, — Landois  calls  fibrin  formed  direct  from  stroma,  stroma- 
fihrin  ;  fibrin  formed  in  the  usual  way,  The  stroma-fibrin  is  closely  related 

chemically  to  stroma  itself  ;  as  yet,  however,  the  two  kinds  of  fibrin  have  not  been  sharply 
distinguished  chemically.  Substances  which  rapidly  dissolve  red  corpuscles  cause  extensive 
coagulation,  e.g.,  injection  of  bile  or  bile  salts,  or  lake-coloured  blood,  into  arteries.  After  the 
injection  of  foreign  blood  the  newly-injected  blood  often  breaks  up  in  the  blood-vessels  of  the 
recipient,  while  the  finer  vessels  are  frequently  found  plugged  with  small  thrombi  (§  102). 

32.  CHEMICAL  COMPOSITION  OF  PLASMA  AND  SERUM.— I.  Proteids 

occur  to  the  amount  of  8  to  10  per  cent,  in  the  plasma.  Only  0*2  per  cent,  of 
these  go  to  form  fibrin.  After  the  formation  of  the  fibrin  the  plasma  is  converted 
into  serum.  The  sp.  gr.  of  human  serum  is  1027  to  1029.  It  contains  several 
Proteids,  [According  to  Hammarsten,  human  serum  contains  9-207  per  cent,  of 
solids, — of  these,  3-103  =  serum-globulin,  and  4-516  =  serum-albumin,  z'.e.,  in  the 
ratio  of  1  :  l'öll.  In  horse-serum  the  proportion  is  4  5  :  2-6,  in  ox-serum 
4*16  :  3-329,  and  rabbit-serum  1*78  :  4-43.  The  total  amount  of  proteids  in  blood 
seems  to  be  much  more  constant  than  are  the  relative  proportions  of  serum-albumin 
and  serum-globulin  (SaUioU).] 

[The  following  table,  compiled  by  Gamgee  from  Hammarsten's  researches,  shows  that  the 
proportion  of  serum-globulin  to  serum-albumin  varies  remarkably  ;  in  some  cases  serum- 
globulin  is  the  most  abundant  proteid  in  the  serum  of  some  animals,  while  in  others  it  is  the 
reverse  : — 


Variety  of  Serum, 

Total  solids 
in  100  parts. 

Total  pro- 
teids in  100 
parts. 

Serum- 
globulin  in 
100  parts. 

Serum- 
albumin  in 
100  parts. 

Lecitliin, 
fat,  salts, 
&c.,  in  100 
parts. 

Ratio  of 
Serum- 
globulin  to 
Serum- 
albumin. 

From  blood  of  horse, 

8-597 

7-257 

4-565 

2-677 

1-340 

1  :  0-591 

,,      ox,  . 

8-965 

7-499 

4-169 

3-329 

1-466 

1  :  0-842 

,,      man, , 

9-207 

7-619 

3-103 

4-516 

1-587 

1  :  1-511 

,,  rabbit. 

7-525 

6-225 

1-788 

4-436 

1-299 

1:2-5  ] 

(a)  Serum-globulin  or  Paraglobulin  (2  to  4  per  cent,).  If  crystals  of 
magnesium  sulphate  be  added  to  saturation  to  serum  at  35°  C.,  serum-globulin  is 
precipitated,  but  not  serum-albumin.  It  is  soluble  in  10  per  cent,  solution  of 
common  salt,  and  coagulates  at  69-75°  C.  Its  specific  rotatory  power  is  -  47°*8 
(Fredericq). 

[Serum-globulin  was  described  by  Panum  under  the  name  of  "serum-casein";  by  Al, 
Schmidt,  as  "fibrino-plastic  substance"  ;  and  by  Kühne,  as  "  paraglobulin,"] 
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(&)  Serum-albumin  (3-4  per  cent.).  Its  solution  begins  to  be  turbid  at  60°  C, 
and  coagulation  occurs  at  73°  C,  the  fluid  becoming  slightly  more  alkahne  at  the 
same  time.  If  sodium  chloride  be  cautiotisly  added  to  serum,  the  coagulating 
temperature  may  be  lowered  to  50°  C.  Its  specific  rotatory  power  is  from  -  62-6 
to -64-5°  (Starke).  It  is  changed  into  syntonin  or  acid-albumin  by  the  action  of 
dilute  HCl,  and  by  dilute  alkalies  into  alkali-albuminate. 

[Effects  of  Starvation.— Starvation  diminishes  the  quantity  of  albumin,  and  increases  the 
quantity  of  globulin.  During  the  time  a  Rhine  salmon  is  in  fresh  water,  it  eats  nothing  ; 
the  muscles  lose  30  per  cent,  of  their  weight,  and  the  testes  and  ovaries  increase  at  the  expense 
of  the  muscles  {Miesclier),  and  at  the  same  time  the  globulins  of  the  blood— closely  related  to 
the  globulins  of  muscle— are  increased  in  amount,  the  maximum  of  this  increase  corresponding 
to  the  maximum  growth  of  the  ovary  {Bunge).  The  globulins  are  increased  at  the  expense  of 
the  albumins.]  "  i-       ,  t  -u  • 

Serum-albumin  is  absent  from  the  blood  of  starving  snakes  (the  ahmentary  canal  being 
empty),  and  reappears  after  they  are  fed  [Tiegel),  so  that  in  a  digesting  snake  the  blood 
contains  both  proteids.  i  .  i  4. 

[Serum-Albumin  v.  Egg-Albumin. —Although  serum-albumin  is  closely  related_  to  egg- 
albumin,  they  differ— (a)  as  regards  their  action  upon  polarised  light  ;  (&)  the  precipitate  pro- 
duced by  adding  HCl  or  HNO3  is  readily  soluble  in  4  c.c.  of  the  reagent  m  the  case  of  serum- 
albumin,  while  the  precipitate  in  egg-albumin  is  dissolved  with  very  great  difficulty  ;  c)  egg- 
albumin,  injected  into  the  veins,  is  excreted  in  the  urine  as  a  foreign  body,  while  serum-albumm 
is  not ;  [d)  serum-albumin  is  not  coagulated  by  ether,  while  egg-albumm  is,  it  the  solution  is 
not  alkaline  (§  249).  Serum-albumin  has  never  been  obtained  free  from  salts,  even  when 
dialvsed  for  a  very  long  time.]  .         -,  ,  iv,  • 

After  all  the  serum-globulin  in  serum  is  precipitated  by  magnesium  sulphate,  serum-aibumin 
still  remains  in  solution.  If  this  solution  be  heated  to  40  or  50°  C.  a  copious  precipitate  of 
non-coacrulated  serum-albumin  is  obtained,  which  is  soluble  in  water.  If  the  serum-albumm  be 
filtered  from  the  fluid,  and  if  the  clear  fluid  be  heated  to  over  60°  C,  Fredericq  found  that  it 
becomes  turbid  from  the  precipitation  of  other  proteids  ;  the  amount  of  these  other  bodies, 
however,  is  small. 

[Proteids  of  the  Serum.— Halliburton  has  shown  by  the  method  of  "fractional 

heat-coagulation"  {i.e.,  ascertaining  the  temperature  at  which  a  proteid  is 
coagulated,  filtering  the  fluid  and  again  heating  the  filtrate  to  a  higher  temperature), 
that  from  the  same  fluid  perhaps  two  or  more  proteids,  all  with  different  tempera- 
tures of  coagulation,  may  be  obtained.  Care  must  be  taken  to  keep  the  reaction 
constant.  He  finds  that  serum-globulin  coagulates  at  75° C,  while  serum-albumm 
in  reality  consists  of  three  proteids,  which  coagulate  at  different  temperatures :  (a) 
at  73°,  {ß)  at  77°,  and  (y)  at  84°  C] 

[Precipitation  by  Salts.— Sulphate  of  magnesia  not  only  precipitates  serum-globulin,  but  also 
fibrinof^en.  The  fluid  must  be  shaken  for  several  hours  to  get  complete  saturation  Sodic 
sulphate,  when  added  to  serum  deprived  of  its  globulin  by  MgS04,  precipitates  serum-albumm, 
but  it  produces  no  precipitate  with  pure  serum.  In  this  way  serum-albumm  may  be  obtained 
in  a  pure,  uncoagulated,  and  still  soluble  condition.  Serum-globulin  is  thrown  down  by  sodic 
nitrate,  acetate,  or  carbonate  ;  Avhile  all  the  proteids  of  the  serum  are  precipitated  by  potassic 
acetate  or  phosphate,  and  the  same  result  is  brought  about  by  adding  two  salts,  g  g.,  MgSO^ 
and  ^ra.S04  (in  this  case  sodio-magnesia  sulphate  is  formed)  ;  MgS04  and  KaN03  ;  MgSO^  and 
KI  ;  I^aCl  and  NaoS04.  After  serum-globulin  is  thrown  down  by  MgS04,  the  addition  of 
MfrS04  and  Na^SOj^or  the  double  salt,  precipitates  the  serum-albumm,  which  is  still  soluble  111 
water.  As  sulphate  of  ammonia  precipitates  all  the  proteids  except  peptones,  it  may  be  used 
{Halliburton).^  j     0    \  i  + 

[The  plasma  of  Invertebrata  (decapod  crustaceans,  some  gasteropods,  cephalopods,  &c.)  clots 
like  vertebrate  blood,  and  contains  fibrinogen,  but,  in  addition,  there  is  found  m  it  a  substance 
corresponding  to  h£emoglobin,  and  called  by  Fredericq,  haemocyanin.  It  exists  like  Hb  111  two 
conditions,  one  reduced  and  the  other  oxv-hfemocyanin,  the  former  being  colourless,  the  latter 
blue.  In  its  general  characters  it  resembles  Hb,  although  it  contains  copper  instead  ot  iron, 
and  gives  no  absorption-bands  {Hallihurton).  In  the  blood  of  some  decapod  crustaceans  there 
is  a  reddish  pigment,  tetronerythrin,  which  is  identical  with  that  m  the  exoskeleton  and 
hypoderm.  It  belongs  to  the  group  of  lipochromes,  like  some  of  the  pigments  of  the  retina. 
The  htBmocyanin  is  respiratory  in  function,  and  it  is  remarkable  that  it  is  contained  m  the 
plasma,  and  not  in  the  formed  elements  like  the  Hb  of  vertebrates.  So  that,  stated  broadly, 
in  these  invertebrates  the  plasma  is  both  nutritive  and  respiratory  m  its  functions,  while  in 
vertebrates  the  red  corpuscles  chiefly  are  respiratory  and  the  plasma  nutritive.] 
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IL  Fats  (0-1  to  0-2  per  cent.). — Neutral  fats  (tristearin,  tripalmitin,  triolein) 
occur  in  the  blood  in  the  form  of  small  microscopic  granules,  which,  after  a  meal 
rich  in  fat  (or  milk),  render  the  serum  quite  inilky. 

[The  amount  of  fat  in  the  serum  of  fasting  animals  is  about  0'2  per  cent. ;  during  digestion 
0-4  to  O-Q  per  cent. ;  and  in  dogs  fed  on  a  diet  rich  in  fat  it  may  be  1-25  per  cent.  °There  are 
also  minute  traces  of /«%  acids  (succinic).  Röhrig  showed  that  soluble  soaps,  i.e.,  alkaline 
salts  of  the  fatty  acids,  cannot  exist  in  the  blood.  Cholesterin  may  be  considered  along  with 
the  fats.  It  occurs  in  considerable  amount  in  nerve-tissues,  and,  like  fats,  is  extracted  by  ether 
from  the  dry  residue  of  blood-serum.  Hoppe-Seyler  found  0-019  to  0-314  per  cent,  in  the"  serum 
of  the  blood  of  fattened  geese.  There  is  no  fat  in  the  red  blood-coriniscles.  Lecithin  (its  de- 
composition-products, glycerin-phosphoric  acid  and  protagon)  occur  in  serum  and  also  in  the 
blood-corpuscles.  ] 

III.  Traces  of  Grape-Sugar  [0  1  to  0-15  per  cent,  (more  in  the  hepatic  vein, 
0-23  per  cent.)]  derived  from  the  liver  and  muscles,  and  increased  after  hfemorrhage 
(§  l'J'5) ;  some  glycogen,  and  another  reducing  fermentative  substance. 

The  amount  of  grape-sugar  in  the  blood  increases  with  the  absorption  of  sugar  from  the  in- 
testine, and  this  increase  is  most  obvious  in  the  blood  of  the  portal  and  hepatic  veins  ;  there 
is  also  a  slight  increase  in  the  arterial  blood,  but  there  it  is  rapidly  changed.  The  presence  of 
sugar  is  ascertained  by  coagulating  blood  by  boiling  it  with  sodium  sulphate,  pressinc^  out  the 
fluid,  and  testing  it  for  sugar  with  Fehling's  solution  {01.  Bernard).  Pavy  coaffulates  the  blood 
with  alcohol. 

IV.  Extractives. —Kreatin,  urea  (0-016  percent,  increased  after  nitrogenous 
food),  succinic  acid,  and  uric  acid  (more  abundant  in  gouty  conditions),  guanin  (?), 
carbamic  acid,  sarcolactic  acid,  all  occur  in  very  small  amounts. 

V.  Salts  (0-85  per  cent.),  especially  socUc  chloride  (O'ö  per  cent.)  and  sodic  car- 
bonate. [It  is  most  important  to  note  that  the  soda  salts  are  far  more  abundant  in 
the  serum  than  the  potassium  salts.  The  ratio  may  be  as  high  as  10  :  1.] 
Animal  diet  increases  the  amount  of  salts,  vegetable  food  diminishes  it  tempo- 
rarily. 

Salts  in  human  blood-serum  {Hoi)pe-Seijler). 
Sodic  Chloride,  .       .       4-92  per  ioOO 
,,    Sulphate,         ,  0-44 
Carbonate,       .  0-21 


Sodic  Phosphate,      .       0-15  per  1000 
Calcic  Phosphate,     .     1  ^  »70 
Magnesic     ,,  _  |0-73 


If  large  quantities  of  salts  are  introduced  into  the  blood,  they  almost  entirely  disappear  from 
the  blood-stream  withm  a  few  minutes,  chiefly  by  diff^usion  into  the  tissues.  They  are  graduallv 
eliminated  by  the  kidneys.    The  same  is  true  of  sugar  and  peptones  {Ludwig  and  Klicowicz). 

VI.  Water  about  90  per  cent. 

VII.  A  yellow  pigment. 

The  pigment  may  be  extracted  with  methylic  alcohol.  It  shows  two  absorption-bands  of  a 
hpochronie  hke  lutein  {Krukenherg).  Thudichum  regards  the  pigment  of  the  serum  as  lutein  ; 
Maiy,  as  hydrobilirubm  ;  and  MacMunn  as  choletelin. 

[Poisonous  Blood-serum. -The  blood-serum  of  the  following  genera  of  fishes -An o-uilla 
Muraena  and  Conger— acts  as  apowerful  poison.  Mosso  calls  the  poisonous  substance ichthitoxin' 
A  dose  of  0-02  c.c.  per  kilogramme  weight  of  a  dog  is  fatal.  The  action  of  this  body  is  analo- 
gous to  that  of  snake-poison.]  ^ 

33  THE  GASES  OF  THE  BLOOD. -Absorption  by  SoM  Bodies. -A  considerable  attraction 
exists  between  the  particles  of  solid  porous  bodies  and  gases,  whereby  the  latterare  attracted  and 
condensed  withm  the  pores  of  solid  bodies,  i.e.,  the  gases  2.Ye  absorbed.  Thus,  1  volume  of 
boxwood^ charcoal  (at  12°  C,  and  ordinary  barometric  pressure)  absorbs  35  volumes  CO,  9-4 
vol.  U  vol.  N  1-75  vol.  H.  Heat  is  always  formed  when  gases  are  absorbed,  and  the 
aniount  of  heat  evolved  bears  a  relation  to  the  energy  with  which  the  absorption  takes  place. 
W  on-porous  bodies  are  similarly  invested  by  a  layer  of  condensed  gases  on  their  surface. 

uy  itiuia^.—Mmds  can  also  absorb  gases.  A  known  quantity  of  fluid  at  different  pressures 
always  absorbs  the  same  volume  of  gets.  Whether  the  pressure  be  great  or  small,  the  volume  of 
W  f?«7^r  equally  great  (  W.  Henry).    But  according  to  Boyle  (1662)  and  Marriotte's 

(lö79)  on  the  compression  of  gases,  when  the  pressure  within  the  same  voluvie  of  gas  is  in- 
'  ,1!  ''^7"'''  ""T''  inversely  as  the  pressure.  Hence  it  follows  that,  with  varying 
pressure,  the  volume  of  gas  absorbed  remains  the  same,  but  the  quantity  of  gas  [iceight)  is 
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cliredhi  vrovortional  to  the  pressure.  If  the  pressure  =  0,  the  weight  of  the  gas  absorbed  must 
fl"o  1%^  Ts  a  n^^^^^^  of  this,  we  see  that  {!)  fltäds  can  he  freed  of  thevr  ahsorhed 

ToeScleXriSSi-  trThe  .oU.ne  of  a  gas  (0=  C.)  which  is  absorbed  by  a  unit  of 
volume  of  a  liquid  (at  760  mm.  Hg)  at  a  given  temperature.  The  volume  of  a  gas  absorbed 
Ind^eiefore  the  coeffi  ient  of  absorption,  it  quite  independent  of  the  pressure,  while  the  weight 
of  the  ffas  is  proportional  to  it.  Temperature  has  an  important  influence  on  the  coelhcient  of 
absoipUon  wfth  a  low  temperature  it  is  greatest ;  it  diminishes  as  the  temperature  increases  ; 
^ml  at  the  IMiQ  point  it  =  0.    Hence  it  follows  that-(2)  absorbed  gases  may  be  expelled 

L^^^^     tkeßuids  toboU.    The  eoefficicmt  of  absorpti^ 
diffe/ent  fluids  and  -ases,  with  increasing  temperature,  in  a  special^^nd  by  no  means  unitoim 
manner  wh^^must  be  determined  empirically  for,  each  liquid  and  gas     Thus  the  coeffi^^^ 
of  absolution  for  CO.,  in  water  diminishes  with  an  increasing  temperatuie,  while  that  toi  ±1  in 

^1^^^^"^:^"^^^^^^^  i^to  chemical  combinations  with  each  other 
nnx  wXeact  othe'r  'in  definite  propoi.ions.  .I/^he  necks  of  two  flasks  be  placed  in  co— 
P^Hnn  bv  means  of  a  c^lass  or  other  tube,  and  if  the  lower  flask  contain  OOg,  and  tne  upper  one 
H  tl'^e  Jases  mLlir;'.^  different  specific  gravities  both  gases  forming  in 

fach  flafra  pTiectly  uniform  mixture.    The  phenom.enon  is  called  the  chffusion  of  gases.  If 
a  «o/-o^^  ^S44  4  previously  inserted  between  the  gases,  the  exchange  o  gases  sti  1  goes  on 
ilnoua   tTe  membrane^    But  (as  with  endosmosis  in  fluids)  the  gases  pass  with  unequal  rapidity 
ti  ro  fh  the  ^^^^^^^      that  at  the  beginning  of  the  experiment  a  l-S-^Thf  lÄ^ 
on  one  side  of  the  membrane  than  on  the  other.    According  to  Graham,  the  lapidity  ot  the 
Sffu  ion  of  the  gases  through  the  pores  is  inversely  proportional  to  the  square  root  ot  their 
^nppitic  srravities     (According  to  Bunsen,  however,  this  is  not  quite  correct.) 
'^SitrlnT  a^^^^^^  in  a  Gaseous  Mixtur^  do  not  Exert  Pressure  ^^^^^^/^^J^^ 
therefore  pass  into  a  space  filled  with  another  gas,  as  they  would  pass  into  a  vacuum     It  the 
surface  of  a  fluid  containing  absorbed  gases  be  placed  in  contact  with  a  very  large  quantity  of 
anothei-as  the  abso  bed  gtses  difl-use  into  the  latter.    Hence,  absorbed  gases  can  be  removed 
^(3);«^^^^^^     stream  oflnother  gas  through  the  ß^äd,  or  by  merely  shaUng  up  the  fimd  wrth 

""'ÄarPressure -If  tivo  or  more  gases  are  mixed  in  ,  a  closed  space  over  a  fluid,  as  the 
different  sases  exisü^  a  gaseous  mixture  exert  no  pressure  upon  each  other,  the  several  gases 
a  eabÄ^^  m  is  proportional  to  the  pressure  under  which  each 

aas  would  be  were  it  the  only  gas  in  the  space.    This  pressure  is  cal  ed  the  partial  pressure  oi 
f  irXi)     The  absorptioYi  of  gases  from  their  mixtures,  therefore,  _  is  proportional_  to  the 
The  parti'al  pressiSe  of  a  gas  in  a  space  is  at  the  same  time  the  expression  for 

S:td  0-790.  vow  ^  hi 

lolume  of  air  consisting  of  0-00862  volume  0,  and  0-01615  volume  N  The  absorbed  air 
IoSL,  therefore"",  pefcent.  0  and  66  per  cent  I^.    Therefore  water  absorbs  from  the  a^r  a 

over  mercufy  so  as  to  avoid  contact  with  air.    This  is  done  by  means  of  a  special  apparatus 

^'T^^Ti^^SiX'^^l^'^i^^^^^^^'^^''^  the  blood,  o.  "blood  bulb"  (AW- 
«iofecSeTcontaining  260  to  300  c.o„  connected  above  and  below  with  tubes,  each  of  which 
fs  p  oviffwith  a^^^^^^  «  and  6  ;  i.  is  an  ordinary  stop-cock,  while  a  has  through  its  long 

axFs  a  perforation  which  opens  at and  is  so  arranged  that,  according  to  he  P°f '™  ^e 

rrceScle  When  the  necessary  amount  of  blood  is  collected,  the  lower  stop-cock  is  put  mto 
?he  Smi  X'  a>nd  the  blood-bulb,  after  being  cleaned  most  carefully,  is  weighed  to  ascertain 
the  wetht  o?the  amount  of  blood  collected.  The  second  part  of  the  apparatus  consists  of  the 
frotSaX  B,  leading  upwards  and  downwards  into  tubes,  each  «"j^h  \he  fTo th 
an  ordinary  stop-cock,  c  and  d.  The  froth-chamber,  as  its  name  denotes  is  catch  the  r^^^^^^ 
which  is  formed  during  the  energetic  evolution  of  the  gases  f^^^^he  Wood  The  lo^^^^^^^^ 
of  the  froth-chamber  is  connected  by  means  of  a  well-ground  tube  with  the  biood-buiD,  wrii  e 
above  it  communicates  with  the  third  part  of  the  apparatus,  the  drying-chamber,  G.  This 
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consists  of  a  U-shaped  tube,  provided  below  with  a  small  glass  bulb,  which  is  half  filled  with 
sulphuric  acid,  while  in  its  limbs  are  placed  pieces  of  pumice-stone,  also  moistened  with  sulphuric 
acid.  As  the  blood  gases  pass  through  this  apparatus  (which  may  be  shut  off"  by  the  stop- cocks 
c  and /),  they  are  freed  from  their  watery  vapour  by  the  sulphuric  acid,  so  that  they  pass  quite 
dry  through  the  stop-cock,  /.  The  short,  we^l-ground  tube,  D,  is  fixed  to /,  and  to  the  former 
is  attached  the  small  larometric  tube  or  mano7neter,  y,  which  indicates  the  extent  of  the  vacuum. 


Fig.  29. 

Scheme  of  Pfliiger's  gas-pump.  A,  blood-bulb  ;  a,  stop-cock,  with  a  longitudinal  perforation, 
opening  upwards ;  a',  the  same,  opening  downwards  ;  &  and  c,  stop-cocks  ;  B,  froth-chamber ; 
d,  e,  f,  stop-cocks  ;  G,  drying-chambers,  containing  sulphuric  acid  and  pumice-stone  ;  D, 
tube,  with  manometer,  y. 

From  D  we  pass  to  the  pump  proper.  This  consists  of  two  large  glass  bulbs,  which  are  continued 
above  and  below  into  open  tubes  ;  the  lower  tubes,  Z  and  W,  being  united  iDy  a  caoutchouc  tube, 
G,  Both  the  bulbs  and  the  caoutchouc  tube  contain  mercury— the  bulbs  being  about  half  full, 
and  F  being  larger  than  E.  The  bulb,  E,  is  fixed  ;  but  F  can  be  raised  or  lowered  by  means  of 
a  pulley  with  a  rack  and  pinion  motion.  If  F  be  raised,  E  is  filled  ;  if  F  be  lowered,  E  is  emptied. 
Tlie  upper  end  of  E  divides  into  two  tubes,  g  and  h,  of  which  g  is  united  to  D.  The  ascending 
tube,  Ä  (gas-delivery  tube),  is  very  narrow,  and  is  bent  so  that  its  free  end  dips  into  a  vessel 
containing  mercury,  v  (a  pneumatic  trough),  and  the  opening  is  placed  exactly  under  the  tube 
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for  collecting  the  gases,  the  eudiometer,  J,  wliich  is  also  filled  with  mercury.  Where  g  and_H 
unite,  therels  a  two-way  stop-cock,  which  in  one  position,  H,  places  E  in  communication  with 
A,  B,'  G,  D,  the  chambers  to  be  exhausted,  and  in  the  position  K  shuts  otf  A,  B,  G,  D,  and 
place's  the  bulb,  E,  in  communication  with  the  gas-delivery  tube,  h,  and  the  eudiometer,  J. 

B,  G,  I)  are  completely  emptied  of  air  thus  : — The 
stop-cock  is  placed  in  the  position,  K  ;  raise  F  until 
drops  of  mercury  issue  from  the  fine  tube,  i  (not  yet 
placed  under  J)  ;  place  the  stop-cock  in  the  position 
H,  lower  F  ;  stop-cock  in  position,  K,  and  so  on  until 
the  barometer,  y,  indicates  a  complete  vacuum.  J  is 
now  placed  over  i.  Open  the  cocks,  c  and  b,  so  that 
the  blood-bulb,  A,  communicates  with  the  rest  of  the 
apparatus,  and  the  blood  gases  froth  up  in  B,  and 
afte-r  being  dried  in  G  pass  towards  E.  Lower  F, 
and  they  pass  into  E  ;  stop-cock  in  position,  K,  raise 
F,  and  the  gases  are  collected  in  J  under  mercury. 
The  repeated  lowering  and  raising  of  F  with  the 
corresponding  position  of  the  stop-cocks  ultimately 
drives  all  the  gases  into  J.  The  removal  of  the  gases 
is  greatly  facilitated  by  placing  the  blood-bulb.  A,  in 
a  vessel  containing  water  at  60°  C.  [Non-dehbrinated 
blood  may  be  used  with  this  pump,  and  the  gases  are 
kept  dry  by  being  connected  with  the  chamber,  G, 
containing  sulphuric  acid.] 

It  is  well  to  remove  the  gases  from  the  blood  imme- 
diately after  it  is  collected  from  a  blood-vessel,  be- 
cause the  0  undergoes  a  diminution  if  the  blood  be 
kept.  Of  course,  in  making  several  analyses,  it  is 
difficult  to  do  this,  and  the  best  plan  to  pursue  in 
that  case  is  to  keep  the  receptacles  containing  the 
blood  on  ice. 

[Alvergniat's  Pump. — A  simpler  form  of  gas-pump, 
first  used  by  Grehant,  modified  and  used  by-  Paul 
Bert,  and  called  after  its  present  maker,  is  frequently 
adopted  (figs.  30  and  31).  It  is  the  one  most  fre- 
quently employed  in  the  French  laboratories.  The 
receptacle  (R)  receives  the  blood  from  the  tube  {t). 
The  bulbs  (A  and  B),  connected  by  a  caoutchouc  tube 
and  containing  mercury,  represent  the  pump.  The 
bulb  (B)  can  be  raised'or  lowered  by  means  of  the 
handle  (M),  a  flat  band  being  attached  to  B  and  work- 
ing over  a  pulley  (P).  By  alternately  raising  and 
depressing  (B),  a  vacuum  is  created  in  the  reservoir 
(R)  and  the  tubes  connected  with  it.  The  gases  pass 
over  into  the  eudiometer  {h),  which  has  its  lower  end 
in  the  cup  (c)  containing  mercury.] 

[The  mercury  pump  (A,  B)  is  composed  of  a_  thick, 
vertically  placed  barometer  tube  {a)  communicating 
below  by  thick  caoutchouc  tubing  with  the  bulb  (B) 
containing  Hg.  The  bulb  (A)  communicates  superiorly 
by  means  of  the  three-way  stop-cock  (T)  with  the  cup 
of  mercury  (c),  and  thus  with  the  eudiometer  (/«,),  while 
horizontally  it  communicates  with  the  tubes  connected 
with  the  reservoir  (R).  The  stop-cock  (T)  can  be  so 
placed  as  to  cut  off"  all  communication  between  the 
bulb  (A)  and  the  exterior,  or  the  bulb  can  be  placed 
in  communication  with  h,  or  with  R.] 

[This  is  done  as  follows  :— Place  the  tap  (T)  in  the 
Hg,  and  all  the  air  is  driven  out  at  b.  Turn  the  tap 
fnto'^the  positio7r(l)  söthat  all  connection  between  A  and  g  is  cut  off" ;  lower  B  and  a  vacuum  is 
established  in  A  and  a.  Place  the  tap  in  the  position  (3),  and  connect  A  with  g  and  therefore 
with  R  the  tap  in  t  being  closed,  when  at  once  a  partial  vacuum  is  established  m  the  system  R,  g, 
A  a.  Turn  the  tap  T  into  the  position  (2),  raise  B  and  expel  the  air  through  I  b  lurn  the  tap 
Thito  the  position  (1),  lower  B,  turn  the  tap  into  the  position  (2),  and  part  of  the  remainder  ot 
the  air  in  /and  R  passes  into  A  and  a,  so  that  the  vacuum  in  R  and  g  is  still  further  increased 
Repeat  the  process  as  above  until  a  complete  vacuum  exists  m  Rands'.  Collect  lOOc.c.  ot 
blood  under  mercury,  and  introduce  50  c.c.  of  it  through  the  tube  t  into  the  large  receiver  R, 


Fig.  30. 

Grehant's  and  Bert's  gas-pump,  as  made 

by  Alvergniat  of  Paris, 
position  (2),  raise  B  until  it  is  filled  with 
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when  it  gives  up  its  gases  to  the  vacuum.  The  blood  immediately  Iroths  u[)  and  loses  its  bright 
red  colour,  becoming  of  a  dark  claret  tint.  Fill  the  tube  or  eudiometer  {h)  with  mercur}'^  and 
insert  it  over  b.  By  turning  the  tap  T  into  the  position  (3),  on  lowering  B  the  blood  gases  pass 
into  Aa,  on  turning  the  tap  into  the  position  (2)  and  raising  B  the  gases  ai'e  forced  into  and 
collected  in  h.  The  escape  of 
the  gases  from  the  blood  is 
greatly  facilitated  by  placii;g 
the  bulb  R  in  warm  water  ms 
shown  in  the  figure  ;  and, 
moreover,  the  escape  of  watery 
vapour  helps  to  carry  over  the 
gases  more  rapidly  into  Aa. 
In  some  forms  of  the  instru- 
ment a  drying-vessel  contain- 
ing pumice  stone  and  sulphuric 
acid  is  introduced  between  Ji 
and  T.  The  joints  of  the  appa- 
ratus are  surrounded  with  caps 
of  caoutchouc,  which  are  filled 
with  mercury  when  the  appa- 
ratus is  in  use  ;  thus  any  leak- 
age at  a  joint  is  detected  at 
once.] 

Mayow  (1670)  observed  that 
gases  were  given  off  from  blood 
in  vacuo.  Magnus  (1837)  in- 
vestigated the  percentage  com- 
position of  the  blood  gases. 
The  more  important  recent  in- 
vestigations have  been  made  by 
Lothar  Meyer  (1857),  and  by 
the  pupils  of  C.  Ludwig  and 
E.  Pflüger. 

35.  aiTANTITATIVE 
ESTIMATION  OF  THE 
BLOOD    GASES.  —  The 

gases  obtained  from  blood 
consist  of  0,  COg,  and  N. 
Pflüger  obtained  (at  0°  C. 
and  760  mm.  Hg  pressure) 
in  round  numbers  about 
60  vols,  per  cent,  from  the 
arterial  blood  of  a  dog 
(large  artery)  and  from  venous  blood  (right  side  of  heart).  As  is  shown  in  figs. 
29  (J)  and  30,  the  gases  are  collected  in  an  eudiometer,  i.e.,  in  a  narrow  tube, 
closed  at  one  end,  and  with  a  very  exact  scale  marked  on  it,  and  having  two  fine 
platinum  wires  melted  into  its  upper  end,  with  their  free  ends  projecting  into  the 
tube  (jp  and  n). 

(1)  Estimation  of  the  COg.— A  small  ball  of  fused  caustic  potash,  fixed  on  a  platinum  wire, 
is  introduced  into  the  mixture  of  gases  through  the  lower  end  of  the  eudiometer  under  cover 
of  the  mercury.  The  surface  of  the  potash  ball  is  moistened  before  it  is  introduced.  The  COg 
unites  with  the  potash  to  form  potassium  carbonate.  Tho  potash  bulb  is  withdrawn  after  24 
hours.    The  diminution  in  volume  indicates  the  amount  of  CO2  absorbed. 

(2)  Estimation  of  the  0.—(a)  Just  as  in  estimating  the  COg,  a  ball  of  phosphorus  on  a 
platinum  wire_  is  introduced  into  the  eudiometer  ;  it  absorbs  the  0  and  forms  phosphoric  acid. 
Another  plan  is  to  employ  a  small  papier-mache  ball  saturated  with  pyrogallic  acid  in  caustic 
potash,  which  rapidly  absorbs  0.  After  the  ball  is  removed,  the  diminution  in  volume  indicates 
the  quantity  of  0. 

{h)  The  0  is  most  easily  and  accurately  estimated  by  exploding  it  in  the  eudiometer.  Intro- 
duce a  sufficient  quantity  of  H  into  the  eudiometer,  and  accurately  ascertain  its  volume  ;  an 
electrical  spark  is  now  passed  between  the  wires,  p  and  n,  through  the  mixture  of  gases  ;  the  0 

4 


Fig.  31. 

Scheme  of  Alvergniat's  gas-pump.  R,  receptacle  for  blood  ; 
t,  thick  tube  with  tap  communicating  with  it ;  A  and  B, 
bulbs  for  mercury  ;  a,  barometer  tubing  ;  M,  windlass  ;  P, 
pulley  ;  T,  tap  ;  g,  connecting-tube  to  R  ;  c,  cup  for  mer- 
cury ;  h,  eudiometer  ;  II,  1,  2,  3,  positions  that  can  be  given 
to  the  three-way  stop-cock  or  tap  T.  I,  Small  part  of  c 
and  T  enlarged  to  show  the  eudiometer. 
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and  H  unite  to  form  water,  which  causes  a  diminution  in  the  volume  of  the  gases  m  the  eudio- 
meter, of  which  i  is  due  to  the  0  used  to  form  water  (H2O).  ,    ,  , 

(c)  Estimation  of  the  N.— When  the  COo  and  0  are  estimated  by  the  above  method,  the 
remainder  is  pure  N. 


are 


36   THE  BLOOD  GASES.— [In  human  blood  the  average  total  gases 

estimated  to  be  in  round  numbers  60  vols,  per  cent,  at  0°  C.  and  760  mm.  pres- 


sure,  made  up  as  follows  : — 

N 

0 

CO.2 

Arterial  blood, 

20 

39 

1  -4  per  cent. 

Venous  blood. 

8  to  12 

46 

1-4      „  I 

or,  47 "3  vols,  percent,  calculated 

at  0°  C.  and  1  metre  pressure. 

Arterial  blood. 

17 

30 

1  to  2  per  cent. 

Venous  blood, 

6  to  10 

35 

1  to  2 

[Thus  venous  blood  contains  8-12  per  cent,  less  0  and  6  per  cent,  more  CO2  than 
arterial  blood.  The  amount  of  gases  obtained  from  venous  blood  under  different 
conditions  varies  greatly,  as  is  stated  below.]  ^ 

I.  Oxygen  exists  in  arterial  blood  (dog)  on  an  average  to  the  extent  of  1/ 
volumes  per  cent,  (at  0°  C.  and  1  metre  Hg.  pressure)  {Pflüger),  or  20  volumes  per 
cent,  (at  0°  C.  and  760  mm.  pressure).  According  to  Pflüger,  arterial  blood  (dog) 
is  saturated  to  -^-^  with  0,  while,  according  to  Hiifner,  it  is  saturated  to  the  extent 
of  In  venous  blood  the  quantity  varies  very  greatly  ;  in  the  blood  of  a 

passive  muscle  6  volumes  per  cent,  have  been  found  ;  while  in  the  blood_  after 
asphyxia  it  is  absent,  or  occurs  only  in  traces.  It  is  certainly  more  abundant  in  the 
comparatively  red  blood  of  active  glands  (salivary  glands,  kidney)  than  in  ordniary 
dark  venous  blood. 

[Modifying  Conditions.— The  amount  of  0  obtainable  from  the  blood  depends  upon  the  organ 
from  which  the  blood  comes,  or  whether  the  crgan  be  active  or  at  rest.  Thus  the  0  present 
in  the 


Carotid  artery  is  .  .  21  per  cent. 
Renal  artery,      .       .  19 


Renal  vein  (kidney  active),  17  per  cent. 
Renal  vein  (kidney  at  rest),  6  ,, 


Bert  finds  that  increase  of  the  atmospheric  pressure  from  1  to  10  atmospheres  raises  the 
amount  of  0  in  arterial  blood  from  20  to  over  24  per  cent,  and  the  N  from  TS  to  over  9  per 
cent  while  the  CO,  is  but  slightly  affected.  Only  10-15  volumes  per  cent,  ot  0  are  obtained 
from  the  blood  of  herbivora  (sheep,  rabbit),  as  these  animals  have  a  small  number  of  corpuscles, 
and  haemoglobin.  The  amount  of  hemoglobin  and  0  is  much  less  m  cold-blooded  animals. 
The  amount  of  CO2  in  peptone  blood  is  diminished  by  about  one-half,  while  the  O  is  slightly 
increased  {Lahousse).] 

The  0  in  Blood  occurs — (a)  simply  absorbed  in  the  plasma.  This  is  only  a 
minimal  amount,  and  does  not  exceed  what  distilled  water  at  the  temperature  of 
the  body  would  take  up  at  the  partial  pressure  of  the  0  in  the  air  of  the  lungs 

(Lothar  Meyer).  ^    i  •  ^ 

(b)  Almost  the  total  0  of  the  blood  is  chemically  united,  and  therefore  not  subject 
to  the  law  of  absorption.  It  is  loosely  united  to  the  hsemoglobm  of  the  red 
corpuscles,  with  which  it  forms  oxyhsemoglobin  (§  15).  With  regard  to  the  taking 
up  of  0,  the  total  quantity  of  blood  behaves  exactly  like  a  solution  of  haemoglobin 
free  from  0  {Prey er).  The  absorption  of  0  is  more  rapid  in  blood  than  m  a 
solution  of  Hb. 

The  absorption  of  this  quantity  of  0  is  completely  independent  of  pressure  ;  hence,  animals 
confined  in  a  close  space,  until  they  are  nearly  asphyxiated  can  use  up^ almost  all  the  0  from 
the  surrounding  atmosphere.  The  fact  of  the  union  being  independent  of  pressure  is  proved  by 
the  following  :— The  blood  only  gives  off  copiously  its  chemically  united  0  when  the  atmo- 
spheric pressure  is  lowered  to  20  millimetres  Hg,  (  Worm  Müller)  ;  and,  conversely,  blood  only 
takes  up  a  httle  more  0  when  the  pressure  is  increased  to  6  atmospheres  [Bert). 

Physical  Methods  of  obtaining  0  from  Blood.— Notwithstanding  the  chemical 
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union  between  the  HI)  and  0,  all  the  0  of  the  blood  can  be  expelled  from  its  state 
of  combination  by  those  means  which  set  free  absorbed  gases — 

(a)  by  introducing  blood  into  a  Torricellian  vacuum. 

{h)  by  boiling. 

(c)  by  the  conduction  of  other  gases  [H,  N",  CO,  or  NO]  through  the  blood, 
because  the  oxyhsemoglobin  compound  is  so  loose  that  it  is  decomposed  even 
by  these  physical  means. 
Reducing  Rsagents. — Amongst   cliemical   reagents   the   following  reducinq 
substances— ammonium  sulphide,  sulphuretted  hydrogen,  alkaline  solutions  of  sub- 
salts  or  Stokes's  fluid,  iron  filings,  &c.,  rob  blood  of  its  0  (§  15). 

Relation  to  Fe.— The  amount  of  iron  in  the  blood  (0-55  in  1000  parts)  stands  in  direct  relation 
to  the  amount  of  Hb  ;  this  to  the  quantit}'  of  blood-corpuscles  ;  and  this,  in  turn,  to  the  specific 
gravity  of  the  blood.  The  amount  of  0  in  the  blood,  therefore,  is  nearly  proportional  to  the 
specific  gravity  of  the  blood,  and  it  is  also  in  proportion  to  the  amount  of  iron  in  the  blood. 
The  total  amount  of  iron  in  the  blood  is  about  3  grams. 

During  morphia  narcosis  the  amount  of  0  in  the  blood  is  diminished  {Ewald)  ;  after  htemor- 
rliage  the  arterial  blood  is  saturated  with  0  (/.  G.  Ott). 

Disappearance  of  0  in  Shed  Blood.  —Even  immediately  after  blood  is  shed  there  is  a  slight 
disappearance  of  0,  as  a  physiological  index  of  respiration  of  the  tissues  within  the  living  blood 
itself  (§  131).  When  blood  is  kept  long  outside  of  the  blood-vessels,  the  quantity  of  0  gradually 
diminishes,  and  if  it  be  kept  for  a  length  of  time  at  a  high  temperature  it  may  disappear  alto- 
gether.  This  depends  upon  decomposition  occurring  in  the  blood,  whereby  reducing  substances 
are  formed  which  consume  the  0.  All  kinds  of  blood,  however,  do  not  act  with  equal  energy 
in  consuming  0,  e.g.,  venous  blood  from  active  muscles  acts  most  energetically,  while  that  fro^i 
the  hepatic  vein  has  very  little  effect.  CO2  appears  in  the  blood  in  place  of  the  0,  and  the  colour 
darkens.    The  aniount  of  CO2  produced  is  sometimes  greater  than  that  of  the  0  consumed. 

Relation  to  Acids.— If  blood  (or  a  solution  of  oxyh^emoglobin)  be  acted  upon  by  acids  {e.g., 
tartaric  acid)  until  it  is  strongly  acid,  0  can  be  pumped  out  in  considerably  less  amount,  wdiile 
the  formation  of  CO^  is  not  increased.  We  must  therefore  assume  that,  during  the  decomposi- 
tion of  the  Hb  caused  by  the  acids  (§  18),  a  decomposition  product  becomes  more  highly  oxidised 
uy  the  intense  chemical  union  of  the  0  at  the  moment  of  its  origin  {Lothar  Meyer,  Ziintz, 
Strassburg).    The  same  phenomenon  occurs  when  oxyhsemoglobin  is  decomposed  by  'hoiling. 

37.  IS  OZONE  PRESENT  IN  BLOOD  ?— On  account  of  the  numerous  and 
energetic  oxidations  which  occur  in  connection  with  the  blood,  the  question  has 
often  been  raised  as  to  whether  the  0  of  the  blood  exists  in  the  form  of  ozone  (Oo). 
Ozone,  however,  is  contained  neither  in  the  blood  itself  (Schönbein)  nor  in  the 
blood  gases  obtained  from  it.  iS^evertheless,  the  red  corpuscles  (and  Hb)  have  a 
distinct  relation  to  ozone. 

(1)  Tests  for  Ozone.  — Htemoglobin  acts  as  a  conveyer  of  ozone,  i.e.,  it  is  able  to  remove  the 
active  0  of  other  bodies  and  to  convey  or  transfer  it  at  once  to  other  easily  oxidisable  substances. 
{a)  turpentine  which  has  been  exposed  to  the  air  for  a  long  time  always  contains  ozone.  The 
tests  for  the  latter  are  starch  and  potassium  iodide,  the  ozone  decomposing  the  iodide  when  the 
lodme  strikes  a  blue  with  the  starch,  [h)  Freshly-prepared  tincture  of  guaiacum  is  also  rendered 
blue  by  ozone.  If  some  tincture  of  guaiacum  be  added  to  turpentine  there  is  no  reaction,  but  on 
adding  a  drop  of  blood  a  deep  blue  colour  is  immediately  produced,  i.e.,  blood  takes  the  ozone 
troni  the  turpentine  and  conveys  it  at  once  to  the  dissolved  guaiacum,  which  becomes  blue  It 
IS  immaterial  Avhether  the  Hb  contains  0  or  not. 

(2)  It  IS  also  asserted  that  hemoglobin  acts  as  an  ozone-producer,  i.e.,  that  it  can  convert  the 
ordinary  0  of  the  aiv  into  ozone.  Hence  the  reason  why  red  blood-corpuscles  alone  render 
guaiacum  blue.  This  reaction  succeeds  best  when  the  guaiacum  solution  is  allowed  to  dry  on 
blotting-paper,  and  a  few  drops  of  blood  (diluted  5  to  10  times)  are  poured  on  it.  That  the  Hb 
torins  ozone  from  the  surrounding  0  is  shown  by  the  fact  that  red  blood -corpuscles  containing 
carbonic  oxide  cause  the  blue  colour  {Kühne  and  Scholz).  According  to  Pflüger,  however  these 
reactions  only  occur  from  decomposition  of  the  Hb,  so  that  on  this  view  the  blood-corpuscles 
cannot  be  regarded  as  producers  of  ozone. 

Sulphuretted  hydrogen  is  decomposed  by  blood  (as  by  ozone  itself)  into  sulphur  and  water, 
ilydric  peroxide  is  decomposed  by  blood  into  0  and  water  [but  this  reaction  is  prevented  by  the 
addition  of  a  small  amount  of  hydrocyanic  acid  {SchÖ7ibei7i)].  Crystallised  Hb  does  not  do  this, 
and  H2O2  may  be  cautiously  injected  into  the  blood-vessels  of  animals.  This  would  show  that 
unchanged  Hb  does  not  produce  ozone. 

Various  Forms  of  Oxygen. —There  are  three  forms  of  oxygen  :— (1)  The  ordinary  oxygen  (0.^) 


^2  CARBON  DIOXIDE  IN  BLOOD.  [SeC.  37. 

composed  oxygen.    It  is  oxygen  condensed  to  |  of  its  volume. 

^8  CO  AND  N  IN  BLOOD.— II.  Carbon  Dioxide.— In  arterial  blood  there 
JLu^Äulspef  cent,  at  0°  C.  and  760  ..m^Hg  P— ^^^^^^^^^^^^^ 
ner  cent  of  CO,  at  0°  C.  and  1  metre  pressure  (Setschenow) ;  but  m  venous  blood 
Z  am  unt  i s  vlry  variable,  in  the  veno.,  blood  of  passive 
35  volumes  per  cent.  {Sczelkow),  while  in  the  blood  of  asphyxia  there  «^^y  be  52  b 
volumerper  cent  The  CO^  in  the  lymph  of  asphyxia  is  less  than  that  m  the 
Ä^Sir  ^;a^/.).  The  CO,  of  the  blood  may  be  extracted  rom  it  or  com- 
^HyfZ!^  without,  however,  the  alkaline  reaction  of  the  blood  undergoing 
any  change  {Zuntz). 

(A)  The  CO,  in  Plasma  (or  Serum).  .  ^      ^^  ^ 

a)  A  minimal  part  is  simply  absorbed  by  the  fluid  part  of  the  blood. 

(h)  The  laraest  portion  of  the  00,  belong,  to  the  plasma  (or  serun  )  and  it  all 
ap  If t  beX  a'state  of  ihemicalWbination.  Serinii  tal-  CO^^,-^^^^^^^^^ 
pendently  of  pressure,  hence  it  cannot  be  merely  absorbed.    The  CO,  may  exist 

UD  again  into  the  neutral  carbonate  and  GO,.  ,  ■Kl^r^<^ 

^^^(2)  Äs  the  bicarbonate  only  gives  up  its  CO,  very  slow  y  «  vacuo  wMe  Woo'l 
ciws  off  its  GO  very  energetically,  perhaps  the  soda,  united  with  an  albuminous 
lody  ?emm  Sblhn-alkali  [^o^])  combines  with  the  GO,  and  forms  a  complex 

XhPO  ;C0  /a0  =^^^^^^^^  When  the  gases  are 

removed  the  CO,  escapes,  and  neutral  sodic  phosphate  remains. 

th^salt  which  occurs  in  the  plasma  {Hoppe-Seyler  and  Sertoli). 

Slr^d^'o^Cl^^oÄ  '-il^r'Z! 
of  Wood  can  fi'x  nearly  as  much  6o,  as  an  eciual  volume  o  (»^'^^j^ 

SrMnidt)  ;  and  (2)  with  increasing  pressure  the  ^I'^^Ptf^'^f^^^  The  r^^^ 

place  in  a  different  ratio  from  what  occurs  with  serum  (P^!<3«,  Zuntz)     ihe  rea 

cornuscles  can  fix  more  GO,  than  their  own  volume,  and  the  union  of  the  GO, 
eTs     depend  upon  the  Äb,  for  Setschenow  found  that  when  Hb  was  acted  on 
bv  CO    its  power  of  fixing  the  latter  was  increased,  which  is  perhaps  due  to  the 
foO^n  rf'some  substanfe  more  suited  for  fixing  CO      Bohr  found  hat^  gram  of 

hrjobuLSÄ^^^^^^^^      ^'i«  iT^c^Tth":: 

of  the  serum-constituents,  also  fix  CO,  to  the  extent  of  i  to  „  of  the  absorbing 
power  of  serum.  .  ^„  .      j  •  , 
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to  the  diminished  alkalinity,  and  this  is  in  part  owing  to  the  acid  products  formed  during 
the  decomposition  of  the  tissues.] 

III.  Nitrogen  exists  in  the  blood  to  the  extent  of  1-4  to  1-G  vol.  per  cent.,  and 
it  appears  to  be  simply  absorbed. 

It  is  doubtful  if  any  part  of  the  N  exists  chemically  united  in  the  r^d  corpuscles.  Blood 
warmed  outside  the  body,  and  with  a  free  supply  of  oxygen,  gives  off  a  minute  quantity  of 
ammonia, which  is  perhaps  derived  from  the  decomposition  of  some  salt  of  ammonia  as  yet 
unknown  {Kühne  and  Strauch). 

39.  ARTERIAL  AND  VENOUS  BLOOD. — Arterial  blood  contains  in  solution 
all  those  substances  which  are  necessary  for  the  nutrition  of  the  tissues,  those  which 
are  employed  in  secretion,  and  it  also  contains  a  rich  supply  of  0,  and,  as  we  have  seen, 
a  considerable  amount  of  COg.  Venous  blood  contains  less  of  the  nutrient  matter, 
but  in  addition  it  holds  the  used-up  or  effete  substances  derived  from  the  tissues, 
and  the  products  of  their  retrogressive  metabolism  are  more  numerous  ;  there 
is  in  venous  blood  a  larger  amount  of  COj,  and  also  a  considerable  amount  of  0. 

[The  fundamental  difference  between  Arterial  and  Venous  blood  is  due  to  the 
relative  proportion  of  oxygen  and  carbon  dioxide  contained  in  each.  The  difference 
in  colour  depends  on  this.  If  venous  blood  be  shaken  up  with  air  or  oxygen  it 
becomes  arterial,  while  if  arterial  blood  be  submitted  to  a  current  of  an  indifferent 
gas  such  as  N  or  H,  it  becomes  venous.  It  also  does  so  if  it  be  sealed  up  in  a 
vessel  for  some  time,  whereby  the  oxygen  is  used  up,  and  gradually  more  and  more 
of  the  oxyhsemogiobin  is  changed  into  reduced  haemoglobin.] 

It  is  evident  also  that  the  blood  of  certain  veins,  the  portal  and  hepatic,  must 
have  special  characters. 

The  following  are  the  most  important  points  of  difference  between  arterial  blood 
and  venous  blood  : — 

Arterial  Blood  contains — 

more  salts,  It    is    redder    and  not 


more  fat, 
more  sugar, 

fewer  blood-corpuscles, 
less  urea. 


dichroic. 
As  a  rule  it  is  1°  C.  warmer. 
It  coagulates  more  rapidly. 


more  0, 
less  CO, 

more  water,j^- —  ^ 

more  fibrin, 
more  extractives, 

The  bright  red  colour  of  arterial  blood  depends  on  the  presence  of  oxyhsemo- 
globin,  whilst  the  dark  colour  of  venous  blood  is  due  to  its  smaller  proportion  of 
oxyhsemoglobin,  and  the  quantity  of  reduced  haemoglobin  which  it  contains.  The 
dark  change  of  colour  is  not  to  be  attributed  to  the  larger  quantity  of  CO^  in 
venous  blood  {Marchand) ;  for  if  equal  quantities  of  0  be  added  to  two  portions  of 
blood,  and  if  COg  be  added  to  one  of  them,  the  colour  is  not  changed  {Pflüger). 

[According  to  C.  Schmidt,  the  blood  of  the  portal  vein  contains  more  water,  plasma,  salts, 
and  fats,  but  less  extractives  and  corpuscles  than  the  blood  of  the  hepatic  vein  ;  while  (when 
an  animal  is  not  digesting)  sugar  is  absent,  or  at  least  only  in  traces  in  the  portal  vein,  and  in 
considerable  amount  in  the  hepatic  vein  (§  175).] 

[Blood  of  the  hepatic  vein  is  said  to  contain  more  corpuscles  than  that  of  the 
portal  vein,  and  it  is  supposed  not  to  coagulate  after  death,  but  this  is  very^  doubt- 
ful. According  to  Drosdoff,  it  contains  more  water,  Cholesterin,  and  lecithin  than 
the  portal  vein  except  during  digestion  ;  it  also  contains  more  sugar,  and  it  is  the 
warmest  blood  in  the  body.] 

[Splenic  Vein. — Some  observers  say  that  this  vein  contains  more,  and  others 
fewer,  red  blood-corpuscles  than  that  of  the  artery.  The  statement  is  also  made  that 
it  contains  more  white  corpuscles,  but  this,  again,  is  denied  by  Tarchanoff.  The 
notion  that  its  serum  contains  haemoglobin  has  been  disproved  by  Schäfer.  In  this 
latter  respect  it  does  not  differ  from  that  of  serum  of  blood  generally.] 

[Renal  Vein. — Here  the  blood  is  bright  red,  and  holds  more  0  and  less  COg  than 
the  blood  of  the  renal  artery.  It  contains  less  water,  NaCl,  uric  acid,  and  urea, 
and  coagulates  with  difficulty.] 
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40.  QUANTITY  OF  BLOOD. — In  the  adult  the  quantity  of  blood  is  equal  to 
part  of  the  body-weight  (BiscJioff),  [i.e.  on  an  average  4-4'5  kilos  (8-8-9-9 
lbs.)]  ;  in  newly-born  children  {Welcher). 

According  to  Sehücking,  the  amount  of  blood  in  a  newly-born  child  depends  to  some  extent 
upon  the  time  at  which  the  umbilical  cord  is  ligatured.  The  amount  =^oi  the  body-weight 
when  the  cord  is  tied  at  once,  while  if  it  is  tied  somewhat  later  it  may  be  i.  Immediate 
ligature  of  the  cord  may,  therefore,  deprive  a  newly-born  child  of  100  grams  of  blood. 
Further,  the  number  of  corpuscles  is  less  in  a  child  after  immediate  ligature  of  the  umbilical 
cord  than  when  it  is  tied  somewhat  later  {Helot). 

The  methods  of  Valentin  (1838),  and  Ed.  Weber  (1850),  are  not  now  used,  as  the  results 
obtained  are  not  sufhcientlv  accurate.  .     ■,      •,  •  j 

Method  of  Welcker  (1854).— Begin  by  taking  the  weight  of  the  animal  to  be  experimented 
on  •  place  a  cannula  in  the  carotid,  and  allow  the  blood  to  run  into  a  flask  previously  weighed, 
and  in  which  small  pebbles  (or  Hg)  have  been  placed,  in  order  to  detibiinate  the  blood  by 
shaking.  Take  a  part  of  this  defibrinated  blood,  and  make  it  cherry-red  m  colour  by  passing 
through  it  a  stream  of  CO  (because  ordinary  blood  varies  in  colour  according  to  the  amount  of 
0  contained  in  ii^Gscheidlen,  Heidenhain).  Tie  a  1-  shaped  cannula  in  the  two  cut  ends  of 
the  carotid  and  allow  a  0-6  per  cent,  solution  of  common  salt  to  flow  into  the  vessel  Irom  a 
pressure  bottle  ;  collect  the  coloured  fluid  issuing  from  the  jugular  veins  and  inferior  vena  cava 
until  the  fluid  is  quite  clear.  The  entire  body  is  then  chopped  up  (with  the  exception  of  the 
contents  of  the  stomach  and  intestines,  which  are  weighed,  and  their  weight  deuucted  irom  the 
body-weicrht),  and  extracted  with  water,  and  after  twenty-four  hours  the  fluid  is  expressed. 
This  water,  as  well  as  the  washings  with  salt  solution,  are  collected  and  weighed,  and  jtart^  ot 
the  mixture  is  saturated  with  CO.  A  sample  of  this  dilute  blood  is  placed  m  a  vessel  with 
l)arallel  sides  (1  cm.  apart)  opposite  the  light  (the  so-called  heematmometer),  and  in  a  second 
vessel  of  the  same  dimensions  a  sample  of  the  undiluted  CO  blood  is  diluted  with  water  from  a 
burette,  until  both  fluids  give  the  same  intensity  of  colour.  From  the  quantity  ot  water 
required  to  dilute  the  blood  to  the  tint  of  the  washings  of  the  blood-vessels,  the  quantity  ot 
blood  in  the  washings  is  calculated.  On  chopping  up  the  muscles  alone,  we  obtain  the  amount 
of  Hb  present  in  them,  which  is  not  taken  into  calculation. 


weight  (without  the  contents  of  the  stomach  and  intestines). 

The  specific  gravity  of  the  blood  ought  always  to  be  taken  when  estimating  the  amount  of 
blood  The  amount  of  blood  is  diminished  during  inanition  ;  fat  persons  have  relatively  less 
blood  ;  after  haemorrhage  the  loss  is  at  first  replaced  by  a  watery  fluid,  while  the  blood-cor- 
puscles are  gradually  regenerated. 

The  estimation  of  the  quantity  of  blood  in  different  organs  is  done  by 
suddenly  Hgaturing  their  blood-vessels  intra  vitam.  A  watery  extract  of  the 
chopped-up  organ  is  prepared,  and  the  quantity  of  blood  estimated  as  described 
above.  [Eoughly  it  may  be  said  that  the  lungs,  heart,  large  arteries,  and  vems 
contain  \ ;  the  muscles'  of  the  skeleton,  \ ;  the  liver,  I ;  and  other  organs,  4 
{Ranke).'\ 

[Fate  of  Salts  injected  into  the  blood-stream.— One  of  the  most  noteworthy  facts  about  the 
composition  of  the  blood  is  the  remarkable  constancy  in  the  proportion  of  its  chemical  constitu- 
ents^and  this  is  specially  true  of  its  salts.  It  is  impossible  to  render  blood  acid  by  giving  animals 
repeated  doses  of  acid,  and  when  salts  are  administered  in  excess,  the  blood  rapidly  gets  rid  ot 
them.  If  salts  (Na..S04,i^a.2HP04,NaCl)  be  injected  into  the  blood-vessels  the  salts  imme- 
diately difl-use  into  the  tissues,  so  that  within  a  few  minutes  only  traces  can  be  recovered  trom 
the  blood.  At  the  same  time  the  tissues  give  up  water  to  the  blood,  and  gradually  the  salts 
i-e-enter  the  blood  and  are  given  oft"  by  the  kidneys.] 

41  ABNORMAL  CONDITIONS  OF  THE  BLOOD— (A)  1.  Polysemia.- (1)  An  increase  in  the 
entire  mass  of  the  blood,  uniformly  in  all  organs,  constitutes  polymmiaov  plethora,  and  in  over- 
nourished  individuals  it  may  approach  a  pathological  condition.  A  bluish-red  colour  of  the 
skin  swollen  veins,  large  arteries,  hard  full  pulse,  injection  of  the  capillaries  and  smaller 
vessels  of  the  visible  mucous  membranes  are  signs  of  this  state,  and  when  accompanied  by 
congestion  of  the  brain,  there  is  vertigo,  congestion  of  the  lungs,  and  breath lessn ess  Atter 
majOT  amputations  with  little  loss  of  blood,  a  relative  but  transient  increase  of  blood  has  been 
found  n)  (plethora  apocoptica).  ...       ^  ,  7    7  4.1,   

Transfusion.— Polysemia  may  be  produced  artificially  by  the  t^ijection  of  blood  of  the  same 
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species.  If  the  normal  quantity  of  blood  be  increased  83  per  cent,  no  abnormal  condition 
occurs,  because  the  blood-pressure  is  not  permanently  raised.  The  excess  of  blood  is  accommo- 
dated in  the  greatly  distended  capillaries,  which  may  be  sti  etched  beyond  their  normal  elasticity. 
If  it  be  increased  to  150  per  cent,  there  are  variations  in  the  blood-pressure,  life  is  endangered, 
and  there  may  be  sudden  rupture  of  blood-vessels  (  Worm  Müller). 

Fate  of  Transfused  Blood. — After  the  transfusion  of  blood  the  formation  of  lymph  is  greatly 
increased;  but  in  one  or  two  days  the  seruui  is  used  up,  the  water  is  excreted  chiefly  by  the 
urine,  and  the  albumin  is  partly  changed  into  urea.  Hence,  the  blood  at  this  time  appears  to 
be  relatively  richer  in  blood-corpuscles  (Panuon,  Lesser,  Worm  Müller).  The  red  corpuscles 
break  up  much  more  slowlj'-,  and  the  products  thereof  are  ]>artly  excreted  as  urea  and  parti}' 
(but  not  constantly)  as  bile-pigments.  Even  after  a  month  an  increase  of  coloured  blood- 
corpuscles  has  been  observed  ( Tschirjew).  That  the  blood-corpuscles  are  broken  up  slowly  in 
the  economy  is  proved  by  the  fact,  that  the  amount  of  urea  is  much  larger  when  the  same  quan- 
tity of  blood  is  swallowed  by  the  animal  than  when  an  equal  amount  is  transfused  {Tschirjexo, 
Landois).  In  the  latter  case  there  is  a  moderate  increase  of  the  urea,  lasting  for  days,  a  proof 
of  the  slow  decomposition  of  the  red  corj)uscles.  Pronounced  over-filling  of  the  vessels  causes 
loss  of  appetite  and  a  tendency  to  htemorrhage  of  the  mucous  membranes. 

(2)  Polyaemia  serosa  is  that  condition  in  which  the  amount  of  serum,  i.e.,  the  amount  of 
water  in  the  blood,  is  increased.  This  may  be  produced  artificially  by  the  transfusion  of  blood- 
serum  from  the  same  species.  The  water  is  soon  given  ofl'  in  the  urine,  and  the  albumin  is 
decomposed  into  urea,  without,  however,  passing  into  the  urine.  An  animal  forms  more  urea 
in  a  short  time  from  a  quantity  of  transfused  serum  than  from  the  same  quantity  of  blood,  a 
proof  that  the  blood-corpuscles  lemain  longer  undecon)posed  than  the  serum  {Forster,  Landois). 
If  serum  from  another  species  of  animal  be  used  {e.g.,  dog's  serum  transfused  into  a  rabbit),  the 
blood-corpuscles  of  the  recipient  are  dissolved  ;  htemoglobinuria  is  produced  {Ponfick)  ;  and  if 
there  be  general  dissolution  of  the  corpuscles,  death  may  occur  {Landois). 

(3)  Polyaemia  aquosa  is  a  simple  increase  of  the  water  of  the  blood,  and  occurs  temporarily 
after  copious  drinking,  but  increased  diuresis  soon  restores  the  normal  condition.  Diseases  of 
the  kidneys,  which  destroy  their  secreting  parenchyma,  produce  this  condition,  and  often  also 
general  dropsy,  owing  to  the  passage  of  water  into  the  tissues.  Ligature  of  the  ureter  produces 
a  v/atery  condition  of  the  blood. 

(4)  Plethora  polycythsemica,  Hyperglobulie. — An  increase  of  the  red  corpuscles  has  been 
assumed  to  occur  when  periodically  recurring  litemorrhages  are  interru[)ted,  e.g.,  menstruation, 
bleeding  from  the  nose,  &c.  ;  but  the  increase  of  corpuscles  has  not  been  definitely  proved. 
Tiiere  is  a  proved  case  of  temporary  polycythccmia,  viz.,  when  similar  blood  is  transfused,  a 
part  of  the  fluid  being  used  up,  while  the  corpuscles  remain  unchanged  for  a  considerable  time. 
There  is  a  remarkable  increase  in  the  number  of  blood-corpuscles  (to  8 '82  nnllions  ]ier  cubic 
millimetre)  in  certain  severe  cardiac  affections  where  there  is  great  congestion,  and  nmch  Avater 
transudes  through  the  vessels.  In  cases  of  hemiplegia,  for  the  same  reason,  the  number  of 
corpuscles  is  greater  on  the  paralysed  congested  side  {Fensoldt).  After  diarrhoea,  which  dimin- 
ishes the  water  of  the  blood,  there  is  also  an  increase  {Brouardel),  and  the  same  is  the  case  after 
profuse  sweating  and  polyuria.  Drugs  (alcohol,  chloral,  amyl  nitrite)  which  act  on  the  blood- 
vessels affect  the  number  of  corpuscles  ;  during  contraction  of  the  blood-vessels  their  number 
increases,  during  dilatation  they  diminish  in  number  {Andreesen).  There  is  a  temporary  increase 
in  the  hsematoblasts  as  a  reparative  process  after  severe  haemorrhage  (§  7),  or  after  acute  diseases. 
In  cachectic  conditions  this  increase  continues,  owing  to  the  diminished  non-conversion  of  these 
corpuscles  into  red  corpuscles.  In  the  last  stages  of  cachexia  the  number  diminishes  more  and 
more  until  the  formation  of  hsematoblasts  ceases  {Rayem). 

(5)  Plethora  hyperalbuminosa  is  a  term  applied  to  the  increase  of  albumins  in  the  plasma, 
such  as  occurs  after  taking  a  large  amount  of  food.  A  similar  condition  is  produced  by  trans- 
fusing the  serum  of  the  same  species,  whereby,  at  the  same  time,  the  urea  is  increased.  Injec- 
tion of  egg-albumin  produces  albuminuria  {Siokvis,  Lehmann). 

[The  subcutaneous  injection  of  human  blood  has  been  practised  with  good  results  in  annemia 
{v.  Ziemssen).  When  defibrinated  human  blood  is  injected  subcutaneously,  while  its  passage 
into  the  circulation  is  aided  by  massage,  it  causes  neither  pain  nor  inflammation,  but  the  blood 
of  animals,  and  a  solution  of  haemoglobin,  always  induce  abscess  {Benczur).  Blood  is  also 
rapidly  absorbed  when  injected  in  small  amount  into  the  respiiatory  passages.] 

Mellitsemia. — The  sugar  in  the  blood  is  partly  given  off  by  the  urine,  and  in  "diabetes 
mellitus"  1  kilo.  (2"2  lbs.)  may  be  given  off  daily,  when  the  quantity  of  urine  may  rise  to  25 
kilos.  To  replace  this  loss  of  grape-sugar  a  large  amount  of  food  and  drink  is  required,  whereby 
the  urea  may  be  increased  threefold.  The  increased  production  of  sugar  causes  an  increased 
decomposition  of  albuminous  tissues  ;  hence  the  urea  is  always  increased,  even  though  the  supply 
of  albumin  be  insufficient.  The  patient  loses  flesh  ;  all  the  glands,  and  even  the  testicles,  atropliy 
or  degenerate  (pulmonary  phthisis  is  common);  the  skin  and  bones  become  thinner;  the 
nervous  system  holds  out  longest.  The  teeth  become  carious  on  account  of  tlie  acid  saliva,  the 
crystalline  lens  becomes  turbid  from  the  amount  of  sugar  in  the  fluid  of  the  eye  which  extracts 
water  from  the  lens,  and  wounds  heal  badly  because  of  the  abnormal  condition  of  the  blood. 
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Absence  of  all  carbohydrates  in  the  food  causes  a  diminution  of  the  sugar  m  the  blood,  b  t 
does  not  cause  it  to  disappear  entirely.  [The  sugar  in  the  blood  is  also  increased  after  the 
nhalation  of  chloroform  or  amyl  nitrite,  and  after  the  use  ot  curara  nitro-benzole  and  chloial 
(§  175)  ]  An  excessive  amount  of  inosite  has  been  found  in  the  blood  and  urine  (§  267),  con- 
stituting mellitiiria  inosita  (  FoAZ).  T   ■  -i  ■    f  ^. 

Smia  or  an  increase  of  the  Fat  in  the  Blood,  occurs  after  every  meal  rich  m  fat  {e.g.,in 
suS  Mttens),  so  that  the  serum  may  become  turbid  like  milk  Pathologically  this  occurs 
in  a  hi°  h  cletree  in  drunkards  and  in  corpulent  individuals.  When  there  is  great  decomposi- 
tLn  0  albumin  in  the  body  (and  therefore'in  very  severe  diseases),  the  fat  in  the  blond  increases 
and  this  also  takes  place  after  a  liberal  supply  of  easily  decomposable  carbohydrates  and  much 

After  injuries  to  bones  affecting  the  marrow,  not  unfrequently  fatty  granules  pass  from  the 
marrow  throuoh  the  imperfect  walls  of  the  blood-vessels  into  the  blood-stream  Ihese  (atty 
mVicks  may  forni  fat  emboli,  e.g.,  in  the  liver  or  lungs,  or  they  may  appear  m  the  unne. 
^  if  ™  uls  o^^  cinnabar  or  indigo  are  injected  into  the  blood,  they  are  taken  up  by  the 
leulof^trs  and  by  themare  carried  outside\he  blood  stream  The  cells  oi  the  splenic  pulp, 
marrow  of  bone  and  the  liver  also  take  up  these  particles  (*Szeöc/.)-        ^  ,^  , 

"The  salts  remain  very  persistently  in  the  blood.  The  withdrawal  of  common  snl  produce^ 
albuminuria,  and,  if  all  salts  be  withheld,  paralytic  phenomena  occur  {Forster).  Ovei -feeding 
w  1  i  s^^^^^^  food,  such  as  salt  meat,  has  caused  death  through  fatty  degeneration  of  the  tissue  , 
esnecially  of  the  glands.  Withdrawal  of  lime  and  phosphoric  acid  produces  atrophy  and  softei  - 
i^of  thrbones.^  In  infectious  diseases  and  dropsies  the  salts  of  the  blood  are  often  increased, 
intl  cUminished  in  inflammation  and  cholera.  [NaCl  is  absent  from  t^'e  urine  in  certa^^^^^  stages 
of  pneumonia  and  it  is  a  good  sign  when  the  chlorides  begin  to  return  to  the  uune.J  [Ln 
scurvy  ^eToiTUSc^^  elements  are  diminished  in  amount,  but  we  have  not  precise  information 
as  to  the  salts,  although  this  disease  is  prevented,  in  persons  orced  to  live  upon  preserved  and 
sll  ed  food,  by  a  liberal  use  of  the  salts--especially  potash  salts~of  the  organic  acids,  as  con- 
fined in  lime-juice.    In  gout,  the  blood  during  an  acute  attack,  and  also  m  chronic  gout, 

^°^nra^t^rSlSt'il~-^^    inflamn.ations  of  the  lu^g  and  pleu.,,  [cn.upcms 
pne  moTa!  erysipelas],  hence  such  blood  forms  a  crusta  phlogMua  (§  27).    In  other  disease 
whenecomposit^ion  of  the  blood-corpuscles  occurs,  the  fibrin  is  increased,  perhaps  because  the 
di^^solved  reTcorpuscles  yield  material  for  the  formation  of  fibrin.    After  repeated  lu-einorrhages 
slg.rMaw  found  an  increase  of  fibrin.    Blood  rich  in  fibrin  is  said  to  coagulate  more  slowly 

vera  AnUia.  or  diminution  of  the  quantity  of  blood  as  a  whole  occurs  whenever  tl  ere  is 
Worrhage.     Life  is  endangered  in  ne\vly  born  children  when  they 

in  childre.T  a  year  old,  on  losing  half  a  pound  ;  and  in  adults  when  one-halt  of  the  total  b  ood 
lo  Wommen  bear' loss  of  blood  nmch  better  than  men.  The  periodical  formation  of  blood 
aftei  each  menstruation  seems  to  enable  blood  to  be  renewed  more  rapid  y  m  their  case  Stout 
t,ersonr  ol  people  and  chil.lren  do  not  bear  the  loss  of  blood  w.ll.  Tbe  more  rapidly  blood 
irroX'the  mo^^^^  it        [A  moderate  loss  of  blood  is  soon  made  up,  but  the  fiuid  part 

is  more  auicklv  restored  than  are  the  corpuscles.] 

sXtoms  o^f  Loss  of  Blood. -Great  loss  of  blood  is  accompanied  by  general  paleness  and 
cold'iÄhe  cutaneous  surface,  increased  oppression,  twitching  of 

ears  and  vertic^o  loss  of  voice,  great  breathlessness,  stoppage  of  secretions  coma  ciiiatation  oi 
riÄ-^iuntary  evacu^^tions  of  urine  and  f.ces,  and  lastly,,  g-^^^^  ^V^^^'^fJ^^of 
signs  of  death  by  hemorrhage.    In  the  gravest  cases  recovery  is  only  possible  by  means  ot 

tissut  tL  Xod-pr^         gradually  rises,  and  then  the  albumin  is  restored,  though  a  longer 

m:Ts\^quired  fortr^^  o^red  corpuscles.    At  first,  tl-refore  the  b^^^^^^^^ 

rich  in  water  (hydrsemia),  and  at  last  abnormally  poor  in  corpusc  es  («l^S^^y^^^^'^'  ^^^^^^^^^ 
iiui  in  water^^  y  lymph-stream  which  pours  into  the  blood,  the  colourless  corpusc  es 

above  normal,  and  during  the  period  of  restitution  fewer  red  corpuscles 


bulie).  With  the  increased 
are  considerably  incr 


^^^tS  ll^rate  ^£L?lvom  Li  artery  in  animals,  Bunt.en  observ^ü^t  tW^^^^  the 
blood  was  restored  in  seveml  hours  ;  after  more  severe  hemorrhage  m  24  to  48  houis^^^   l  ie  led 
b  ood-corpuscles,  after  a  loss  of  blood  equal  to  1  'l^ to  4-4  per  ji,*^^^,^^?^^^^^^^^^^ 
restored  only  after  7  to  34  days.    The  regeneration  hegms  after  24  •innmei  ^i  iLea^^^^^^ 

of  regeneration  the  number  of  the  blood-corpuscles  in  an  ear  y  stage  of  deve^^P™;"^  ^^'^'^^''^t; 
The  newlv-forraed  corpuscles  contain  less  Hb  than  normal  {Jac.  G.  Ott).    Even  m  man  tne 
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duration  of  the  period  of  regeneration  depends  npon  the  amount  of  blood  lost  {Lyon).  The 
amount  of  hemoglobin  is  diminished  nearly  in  proportion  to  the  amount  of  the  haemorrhage 
{Bizzozero  and  Salvioli). 

[Hsemorrhages  in  cold-blooded  animals. — These  animals  can  bear  very  considerable  loss  of 
blood,  and,  in  fact,  the  frog  can  live  for  a  considerable  time  without  blood.  In  the  experiment 
of  Cohnheim  known  as  the  "  salt  frog,"  all  the  blood  is  washed  out  of  its  vessels  by  means  of 
normal  saline  solution  ('/Ö  per  cent.  NaCl)  and  the  blood-vessels  are  filled  with  the  same  fluid. 
Such  a  frog  will  live  for  several  days,  and  the  elimination  of  COg  goes  on  as  in  an  intact  frog. 
This  experiment  obviously  has  a  very  important  bearing  on  the  question  as  to  the  seat  of  the 
foiniation  of  CO^—i.e.,  whether  it  is  formed  in  the  blood  or  in  the  tissues.  It  clearly  points  to 
the  latter  view.] 

Metabolism  in  Anaemia. — The  condition  of  the  metahoUsm  in  the  case  of  persons  suffering 
from  anpemia  is  important.  The  decomposition  of  proteids  is  increased  (the  same  is  the  case  in 
hunger),  hence  the  excretion  of  urea  is  increased  {Bauer).  The  decomposition  of  fats, -on  the 
contrary,  is  diminished,  which  stands  in  relation  with  the  diminution  of  CO«  given  off. 
Ausemic  and  chlorotic  persons  put  on  fat  easily.  The  fattening  of  cattle  is  aided  by  occasional 
bleedings  and  by  intercurrent  periods  of  hunger  {Aristotle). 

(2)  An  excessive  thickening  of  the  blood  through  loss  of  water  is  called  Oligsemia  sicca. 
This  occurs  in  man  after  copious  watery  evacufitions,  as  in  cholera,  so  that  the  thick  tarry 
blood  stagnates  in  the  vessels.  Perhaps  a  similar  condition — though  to  a  less  degree — may 
exist  after  very  copious  perspiration. 

(3)  If  the  proteids  in  blood  be  abnormally  diminished  the  condition  is  called  Oligsemia 
hypalbuminosa  ;  they  may  be  diminished  about  one-half.  They  are  usually  replaced  by  an 
excess  of  water  in  the  blood  [so  that  the  blood  is  watery,  constituting  hydrsemia].  Loss 
of  albumin  from  the  blood  is  caused  directly  by  albuminuria  (25  grams  of  albumin  may  be 
given  off  by  the  urine  daily),  persistent  suppuration,  great  loss  of  milk,  extensive  cutaneous 
ulceration,  albuminous  diarrhoea  (dysentery).  Frequent  and  copious  haemorrhages,  however, 
by  increasing  the  absorption  of  water  into  the  vessels,  at  first  produces  oligtemia  hypalbuminosa. 

For  the  abnormal  changes  of  the  red  and  white  blood- 
corpuscles,  see  §  10  ;  for  Haemophilia,  §  28. 

[Organisms  in  the  Blood. ^ — The  presence  of  animal  and 
vegetable  parasites  in  the  blood  gives  rise  to  certain  diseases. 
Some  of  these,  and  especially  the  vegetable  organisms, 
have  the  power  of  multiplying  in  the  blood.  The  vegetable 
forms  belonging  to  the  schizomycetes  or  fission  fungi  are 
frequently  spoken  of  collectively  under  the  title  bacteria. 
They  are  classified  by  Cohn  into 

I.  Sphajrobacteria 

II.  Microbacteria  ^ 

III.  Desmobacteria  Y  exhibit  movements. 

IV.  Spirobacteria  J 

These  forms  are  shown  in  fig.  32.  The  micrococci  (A)  ai'e 
examples  of  I. ;  while  Bacterium  termo  (B)  is  an  example  of 
II.  In  III.  the  members  are  short  cylindrical  rods,  straight 
(Bacillus,  D)  or  wavy  (Vibrio,  C).  Splenic  fever  of  cattle  is 
due  to  the  presence  of  Bacillus  anthracis  (fig.  32).  These  rod- 
shaped  bodies  under  proper  conditions  divide  transversely  and  elongate,  but  they  also  form 
spores  in  their  interior,  which  in  turn  under  appropriate  conditions  may  germinate.  Class  IV. 
is  represented  by  two  genera,  Spirochseta  and  Spirillum  (fig.  32),  the  former  with  close,  and 
the  latter  with  open  spirals.  The  Spirochreta  Obermeieri  (often  spoken  off  as  "spirillum") 
is  present  in  the  blood  during  the  paroxysms  in  persons  suffering  from  relapsing  fever.  Amongst 
animal  parasites  are  Filaria  sanguinis,  and  Bilharzia  Hsematobia,  which  occurs  in  the  portal  vein 
and  in  the  veins  of  the  urinary  apparatus.] 


-«-\  D  E 


Fig.  32. 

A,  micrococcus  ;  B,  bacterium 
C,  vibrios  ;  D,  bacilli  ;  E,  spir 
illun]. 


Physiology  of  the  Circulation. 


42.  GENERAL  VIEW.— The  blood  within  the  vessels  is  in  a  state  of  continual 
motion,  being  carried  from  the  ventricles  by  the  large  arteries  (aorta  and  pulmonary) 
and  their  branches  to  the  system  of  capillary  vessels, 
from  which  again  it  passes  into  the  veins  that  end  in  the 
'atria  of  the  auricles  (T^.  Harvey,  1628). 

The  cause  of  the  circulation  is  the  difference  of 
PRESSURE  which  exists  between  the  blood  in  the  aorta 
and  pulmonary  artery  on  the  one  hand,  and  the  two 
ven«  cavEe  and  the  four  pulmonary  veins  on  the  other. 
The  blood,  of  course,  moves  continually  in  its  closed 
tubular  system  in  the  direction  of  least  resistance.  The 
greater  the  difference  of  pressure,  the  more  rapid  the 
movement  will  be.  The  cessation  of  the  difference  of 
pressure  (as  after  death)  naturally  brings  the  movement 
to  a  standstill  (§  81).  The  circulation  is  usually  divided 
into —  . 

(1)  The  greater,  or  systemic  circulation,  which 
includes  the  course  of  the  blood  from  the  left  auricle 
and  left  ventricle,  through  the  aorta  and  all  its  branches, 
the  capillaries  of  the  body  and  the  veins,  until  the  two 
venee  cavae  terminate  in  the  right  auricle. 

(2)  The  lesser,  or  pulmonic  circulation,  which  in- 
cludes the  course  from  the  right  auricle  and  right 
ventricle,  the  pulmonary  artery,  the  pulmonary  capil- 
laries, and  the  pulmonary  veins  _  springing  from  them, 
until  these  open  into  the  left  auricle. 

(3)  The  portal  circulation  is  sometimes  spoken  of 
as  a  special  circulatory  system,  although  it  represents 
only  a  second  set  of  capillaries  (within  the  liver)  intro- 
duced into  the  course  of  a  venous  trunk.  It  consists  of 
the  vena  portarum— formed  by  the  union  of  the  intes- 
tinal or  mesenteric  and  splenic  veins,  and  it  passes  into 
the  liver,  where  it  divides  into  capillaries,  from  which 
the  hepatic  veins  arise.  The  hepatic  vein  joins  the 
inferior  vena  cava. 

Strictly  speaking,  however,  there  is  no  special  portal  circula- 
tion. Similar  arrangements  occur  in  other  animals  ui  ditferent 
organs,  e.g.,  snakes  have  such  a  system  in  their  supra-renal 
capsules,  and  the  frog  in  its  kidneys.  When  an  artery  splits  up 
into  fine  branches  during  its  course,  and  these  branches  do  not 
form  capillaries,  but  reunite  into  an  arterial  trunk,  a  rete 
3  occurs  in  apes  and  the  edentata.    Microscopic  retia  mirabilia 


Fig.  33. 

Scheme  of  the  circulation. — a, 
right,  b,  left  auricle  ;  A, 
right,  B,  left  ventricle  ; 
1,  pulmonary  artery  ;  2, 
aorta  ;  I,  area  of  pul- 
monary, K,  area  of  sys- 
temic circulation  ;  o,  the 
superior  vena  cava ;  _G, 
area  supplying  the  inferior 
vena  cava,  u ;  d,  d,  m- 
testine ;  vi,  mesenteric 
artery  ;  q,  portal  vein ; 
L,  liver  ;  h,  hepatic  vein. 

mlrabile  is  formed,  such  a 
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exist  in  the  human  mesentery  {Schohl).  Simihir  arrangements  may  exist  in  connection  with 
veins,  giving  rise  to  venous  retia  mirabilia. 

43.  THE  HEAET.— The  muscular  fibres  of  the  mammalian  heart  consist  of  short  (50  to  70  ^ 
in  man),  very  fine,  transversely  striated  fibres,  which  are  actual  unicelluhir  elements,  devoid 
of  a  sarcolemma  (15  to  25  /jl  broad),  and  usually  divided  at  their  blunt  ends,  by  which  means 
they  anastomose  and  form  a  network  (fig.  34,  A,  B).  The  individual  muscle-cells  contain  in 
their  centre  an  oval  nucleus,  and  are  held  together  by  a  cement-substance,  which  is  blackened 
by  silver  nitrate,  and  dissolved  by  a  33  per  cent,  solution  of  caustic  potash.  This  cement  is 
also  dissolved  by  a  40  per  cent,  solution  of  nitric  acid.  The  transverse  striaj  are  not  very 
distinct,  and  not  unfrequently  there  is  an  appearance  of  longitudinal  striation,  produced  by  a 
number  of  very  small  granules  arranged  in  rows  within  the  fibres.  The  fibres  are  gathered 
lengthwise  in  bundles,  or  fasciculi,  surrounded  and  separated  from  each  other  by  delicate  processes 
of  the  perimysium.    When  the  connective-tissue  is  dissolved  by  prolonged  boiling,  these 


Fig.  34. 

A,  muscular  fibres  from  the  heart  of  a  mammal,  a;nd  C  from  a  frog;  B,  transverse  section  of 
the  cardiac  fibres  ;  b,  connective-tissue  corpuscles  ;  c,  capillaries. 

bundles  can  be  isolated,  and  constitute  the  so-called  "fibres"  of  the  heart.  The  transverse 
sections  of  the  bundles  in  the  auricles  are  polygonal  or  rounded,  while  in  the  ventricles  they 
are  somewhat  flattened.  [The  muscular  mass  of  the  heart  is  called  the  myocardium,  and  is 
invested  by  fibrous  tissue.  It  is  important  to  notice  that  the  connective-tissue  of  the  visceral 
pericardium  (epicardium)  is  continuous  with  that  of  the  endocardium  by  means  of  the 
perimysium  surrounding  the  bundles  of  muscular  fibres.]  The  fine  spaces  which  exist  between 
these  bundles  form  narrow  lacuufe,  lined  with  epithelium,  and  constituting  part  of  the  lymphatic 
system  of  tlie  heart. 

[The  cardiac  muscular  fibres  occupy  an  intermediate  position  between  striped  and  plain 
muscular  fibres.  Although  they  are  striped,  they  are  involuntary,  not  being  directly  under 
the  influence  of  the  will,  while  they  contract  more  slowly  than  a  voluntary  muscle  of  the 
skeleton.]  In  the  frog's  heart  the  muscular  fibres  are  in  shape  elongated  spindles,  or  fusiform, 
in  this  respect  resembling  the  plain  muscle-cells,  but  they  are  transversely  striped  (fig.  34,  C). 
They  are  easily  isolated  by  means  of  a  33  per  cent,  solution  of  potash  or  dilute  alcohol. 

44.  ARRANGEMENT  OF  THE  CARDIAC  MUSCULAR  FIBRES.— The 

study  of  tlie  embryonic  heart  is  the  key  to  a  proper  understanding  of  the 
compHcated  arrangement  of  the  fibres  in  the  adult  heart.  The  simple  tubular 
heart  of  the  embryo  has  an  outer  circular  and  an  inner  longitudinal  layer  of  fibres. 
The  septuin  is  formed  later ;  hence,  it  is  clear  that  a  part,  at  least,  of  the  fibres 
must  be  common  to  the  two  auricles,  and  a  part  also  to  the  two  ventricles,  since 
there  is,  originally,  but  one  chamber  in  the  heart.  The  muscular  fibres  of  the 
auricles  are,  however,  completely  separated,  from  those  of  the  ventricles  by  the  fibro- 
cartilaginous rings.  In  the  auricles  the  fundamental  arrangement  of  the  embryonic 
fibres  partly  remains,  while  in  the  ventricles  it  becomes  obscured  as  the  cavities 
undergo  a  sac-like  dilatation,  and  also  become  twisted  in  a  spiral  manner. 

(1)  The  muscular  fibres  in  the  auricles  are  completely  separated  from  the  fibres 
of  the  ventricles  by  the  fibrous  rings  which  surround  the  auriculo-ventricular  orifices, 
and  which  serve  as  an  attachment  for  the  auriculo-ventricular  valves  (fig.  35,  1.). 
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ThP  miricles  are  much  thinner  than  the  ventricles,  and  their  fibres  are  generally 


Fig.  35. 

I.  Cou,-.e  of  th.  muscuUr  übres  ou  the  left  auricle  with  the  outer  ^^^^f^J^f'^''^  ™^|, '"Jli: 

—a,  opening  of  vena  azygos  ;  v,  auncle. 

mammals  ■  in  the  ape  and  rat  they  extend  on  the  pnhnouary  veins  right  into  the 
Cg  t'the  monL  and  bat,  agaL,  the  striped  mt^cular  fibres  -  -  -  ° 
the  lungs  that  the  walls  of  the  smaller  veins  are  largely  composed  of  striped  muscle 

•■^Orcllar  muscular  fibres  are  found  where  the  vena  magna  cordis  enters  the  heart, 
and  in  the  Valmla  Thebesii  which  guards  it.  ,     ,  •  ,       ,        „t  the 

Physiological  Sigmflcaiice.-(l)  The  auricles  contract  wdependent!^  of  the 
veSs  This  is  feen  when  the  heart  is  about  to  die ;  when  there  may  be  several 
r^  r  contractions  for  one  ventricular,  and  at  last  only  the  auricles  puka  e 
The  auricular  portion  of  the  right  auricle  beats  longest;  ^1 
"ultimum  moriens."  Independent  rhythmical  contractions  of  the  ^«^'^  «^a™  ^nd 
pulmonary  veins  are  often  noticed  after  the  heart  has  ceased  to  bea  Th  beat m 
can  also  he  observed  in  those  veins  in  a  rabbit  after  the  heart  is  cut  out  of  the 

''"(2)^  The  double  arrangement  of  the  fibres  (transverse  and  longitudinal)  produces 
a  simultaneous  and  uniform  diminution  of  the  auricular  cavity  (such  as  occurs  in 

""tr^^Z^TL  circular  muscular  ^bres  around  the  venous  cuific^ 
and  the  subsequent  contraction  of  the  auricle,  cause  these  veins  to  empty  themselves 
into  the  a3e  ;  and  by  their  presence  and  action  they  prevent  any  large  quant^y 
of  blood  from  passing  backward  into  the  veins  when  the  auricle  contracts.  [No 
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valves  are  present  in  the  snperior  and  inferior  vena  cava  in  the  adnlt  heart,  or  in 
the  pulmonary  veins,  hence  the  contraction  of  these  circular  muscular  fibres  plays 
an  important  part  in  preventing  any  reflux  of  blood  during  the  contraction  of  the 
auricles.] 

45.  ARRANGEMENT   OF  THE    VENTRICULAR    FIBRES.— (2)  The 

muscular  fibres  in  the  thick  wall  of  the  ventricles  are  arranged  in  several  layers 
under  the  pericardium  (fig.  36,  A).  First,  there  is  an  outer  longitudinal  layer  (A), 
which  is  in  the  form  of  single  bundles  on  the  right  ventricle,  but  forms  a  complete 
layer  on  the  left  ventricle,  where  it  measures  about  one-eighth  of  the  thickness  of 
the  ventricular  wall.  A  second  longitudinal  layer  of  fibres  lies  on  the  inner  surface 
of  the  ventricles,  distinctly  visible  at  the  orifices,  and  within  the  vertically  placed 
papillary  muscles,  whilst  elsewhere  it  is  replaced  by  the  irregularly  arranged 
trabeculae  carnese.  Between  these  two  layers  there  lies  the  thickest  layer,  consisting 
of  more  or  less  transversely  arranged  bundles,  which  may  be  broken  up  into  single 


A 


Fig.  36. 

Course  of  the  ventricular  muscular  fibres.  A,  on  the  anterior  surface  ;  B,  view  of  the  apex 
with  the  vortex  ;  C,  course  of  the  fibres  within  the  ventricular  wall ;  D,  fibres  passing 
into  a  papillary  muscle  {p). 


layers  more  or  less  circularly  disposed.  The  deep  lymphatic  vessels  run  between  the 
layers,  whilst  the  blood-vessels  lie  within  the  substance  of  the  layers,  and  are  sur- 
rounded by  the  primitive  bundles  of  muscular  fibres.  All  three  layers  are  not 
completely  independent  of  each  other ;  on  the  contrary,  the  fibres  which  run 
otliquely  form  a  gradual  transition  between  the  transverse  layers  and  the  inner  and 
outer  longitudinal  layers.  It  is  not,  however,  quite  correct  to  assume  that  the 
outer  longitudinal  layer  gradually  passes  into  the  transverse,  and  this  again  into 
the  inner  longitudinal  layer  (as  is  shown  schematically  in  C) ;  because,  as  Henle 
pointed  out,  the  transverse  fibres  are  relatively  far  greater  in  amount.  In  general, 
the  outer  longitudinal  fibres  are  so  arranged  as  to  cross  the  inner  longitudinal  layer 
at  an  acute  angle.  The  transverse  layers  lying  between  these  two  form  gradual 
transitions  between  these  directions.  At  the  apex  of  the  left  ventricle,  the  outer 
longitudinal  fibres  bend  or  curve  so  as  to  meet  at  the  so-called  vortex  B,  where  they 
enter  the  muscular  substance,  and,  taking  an  upward  and  inward  direction,  reach 
the  papillary  muscles,  P,  D  ;  although  it  is  a  mistake  to  say  that  all  the  bundles 
which  ascend  to  the  papillary  muscles  arise  from  the  vertical  fibres  of  the  outer 
surface  ;  many  seem  to  arise  independently  within  the  ventricular  wall.  According 
to  Henle,  all  the  external  longitudinal  fibres  do  not  arise  from  the  fibrous  rings  or 
the  roots  of  the  arteries.  The  mitral  orifice  is  surrounded  by  circular  fibres  which 
act  like  a  sphincter  {Henle). 
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TThP  assumütion  that  the  muscles  of  the  ventricle  are  arranged  so  as  to  form  a  figure  of  8,  or 
in  looDS  see7s  to^^^^^^  ;  thus,  fibres  are  said  to  arise  at  the  base  ot  the  ventricle,  to  pass 

over^t  ard  to  reach  Jhe  vortex,  whe^e  they  pass  into  the  interior  of  the  muscular  substance,  to 
emUnC  in  t^  papülary  muscles  or  higi\xp  on  .the  inner  surface  of  the  heart  at  its  base. 
Fio-s  C  and  D  ffive  a  schematic  representation  ot  this  view. J  ■  a-      a  \nnr..A 

Onlv  the  aeneralarran<.ement  of  the  ventricular  muscular  fibres  has  been  indicated.  Accoul- 
ina  to^  Petti' w  seven  layers  in  the  ventricle,  viz.,  three  external,  a  fourth  or 

central  layer  and  three  internal.  These  internal  layers  are  continuous  with  the  corresponding 
external  layers  at  the  apex,  thus— one  and  seven,  two  and  six. 

46  PERICARDIUM,  ENDOCARDIUM,  VALVES.-The  pericardium  encloses  within  its  two 
lavers  rv^Tcerfl  and  parietal]  a  lymph  space-the  pericardial  space-which  contains  a  small 
ouan  itv  of  Ivmph-the  pericardial  Suid!  It  has  the  structure  of  a  serous  membrake  z  e.,  t 
Zns^L?  o^^uL^^^^^  mixed  with>..  elastic  fibres  arranged  m  the  form  of  a  thm  de hca  e 
Znbiane  Tnd  covered  on  its  free  surfaces  with  a  single  layer  ot  epithelium  ov  endothehum 
To  IseT'of  flat  cells.    [Like  serous  cavities  generally   it  is  a  closed 

oa   tv  and  does  not  conm  with  the  exterior.]    A  rich  lymphatic  network  les  under  the 

;reriWiSm  (^^^^^  also  in  the  deeper  layers  of  the  visceral  pericardium 

Text  theXart' and  between  muscular  bundles  {Salvioli^.  No  stomata  exist  either  on  t 
visceral  or  paAeta  layers.  Around  the  coronary  arteries  of  the  heart  exist  lymph- vessels  and 
y^Ssits  of-  fat    wlS  lie  in  the  furrows  and  grooves  in  the  sichserosa  ot  the  epuardunu 

^''S'lSdium.  next  the  cavity  of  the  heart,  consists  of  a  ^m^^Z.  layer  M'gonal  flat 
nucleated  enäotMial  cells.    [Under  this  there  is  a  "ear^^honmg^^^^^^^^  hyaline  layei  (fig.  37, 

giv^es  the  endocardium  its  polished  ap- 
pearance.] Then  follows,  as  the  basis  of 
the  membrane,  a  layer  of  fine  elastic  fibres 

 stronger  in  the  auricles,  and  in  some 

places  thereof  assuming  the  characters  of 
a  fenestrated  membrane.  Between  these 
fibres  a  small  quantity  of  connective- 
tissue  exists,  which  is  in  larger  amount 
and  more  areolar  in  its  characters  next 
the  myocardium.  Bundles  of  non-striped 
muscular  fibres  (few  in  the  auricles)  are 
scattered  and  arranged  for  the  most  part 
longitudinally  between  the  elastic  fibres. 
These  seem  evidently  meant  to  resist  the 
distension  which  is  apt  to  occur  when  the 
heart  contracts  and  great  pressure  is  put 
upon  the  endocardium.  In  all  cases  where 
high  pressure  is  put  upon  walls  composed 
of  soft  parts,  we  always  find  muscular 


Fig.  37. 

Section  of  the  endocardium,  a,  hyaline  layer  ;  b, 
network  of  fine  elastic  fibres  ;  c,  network  _  ot 
stronger  elastic  fibres ;  d,  myocardium  with 
blood-vessels,  which  do  not  pass  into  the  endo- 
cardium. 


fibres  present,  and  never  elastic  fibres  alone.  No  blood-vessels  occur  in  the  endocardium 
{Langer). 

The  valves  also  belong  to  the  endocardium -both  the  semi-lunar  valves  oi  the 
aorta  and  pulmonary  artery,  which  prevent  the  blood  from  passing  back  into  the 
ventricles,  and  the  tricuspid  {right  auriculo-ventricular)  and  mitral  {left  auricu io- 
ventricular),  which  protect  the  auricles  from  the  same  result.  The  lower  verte- 
brata  have  valves  in  the  orifices  of  the  venee  cavae,  which  prevent  regurgitation 
into  them;  while  in  birds  and  some  mammals  these  valves  exist  m  a  rudimentary 
condition.  The  valves  are  fixed  by  their  base  to  resistant  fibrous  rmf/^^  consisting 
of  elastic  and  fibrous  tissue.  They  are  formed  of  two  layers-  1)  ^he  >6ro^.^ 
which  is  a  direct  continuation  of  the  fibrous  rings,  and  (2)  a  layer  of  elastic 
elements.  The  elastic  layer  of  the  auriculo-ventricular  valves  is  an  immediate 
prolongation  of  the  endocardium  of  the  auricles,  and  is  directed  towards  the 
Lricles.  The  semi-lunar  valves  have  a  thin  elastic  layer  directed  towards  the 
arteries,  which  is  thickest  at  their  base.  The  connective-tissue  layer  directed 
towards  the  ventricle  is  about  half  the  thickness  of  the  valve  itselt^ 

The  auriculo-ventricular  valves  also  contain  striped  muscular  fibres.  Kadiat- 
in-  fibres  proceed  from  the  auricles  and  pass  into  the  valves,  which,  when  the 
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purkinje's  fibres. 
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atria  contract,  retract  the  valves  towards  their  base,  and  thus  make  a  larger  openino- 
for  the  passage  of  the  blood  into  the  ventricles ;  according  to  Paladino,  the}^ 
raise  the  valves  after  they  have  been  pressed  down  by  the  Ijlood-current. 
This  observer  also  described  some  longitudinal  fibres  "-which  proceed  from  the 
ventricles  to  enter  these  valves.  There  is  also  a  concentric  layer  of  fibres 
arranged  near  their  point  of  attachment,  and  directed  more  towards  their 
ventricular  surface.  These  fibres  seem  to  contract  sphincter-like  when  the 
ventricle  contracts,  and  thus  approximate  the  base  of  the  valves,  and  so  prevent 
too  great  tension  being  put  upon  them.  The  larger  chordae  tendineee  also  contain 
striped  muscle,  while  a  delicate  muscular  network  exists  in  the  valvula  Thebesii 
and  valvula  Eustacliii. 

Purkinje's  Fibres  consist  of  an  anastomosing  system  of  greyish  fibres  whicli  exist  in  the  sub- 
endocardial tissue  of  the  ventricles,  especially  in  the  heart  of  the  sheep  and  ox.  The  fibres  are 
made  up  of  polyhedral  clear  cells,  containing  some  granular  protoplasm,  and  usually  two  nuclei 
(tig.  38).    The  margins  of  the  cells  are  striated.    Transition-forms  are  found  between  these  cells 

and  the  ordinary  cardiac  fibres  ;  in   

fact,  these  cells  become  continuous 

with  the  true  fully  developed  cardiac  /  '    -. — 

fibres.     They  represent  cells  which  ' 
have  been  arrested  in  their  develop- 
ment.   They  are  absent  in  man  and 
the  lower  vertebrates,  but  in  birds  and 

some  mammals  they  are  well  marked  ' 

{Schiveigger-Seidel,  Ranvier).  \  .. 

Blood- Vessels  occur  in  the  auriculo-    ^  -      ^  - 
ventricular  valves  only  where  muscular  \  -  /' 

fibres  are  present,  while  the  semi-lunar  1-  - 

valves  are  usually  devoid  of  vessels  ex-  ""--^  V  , 

cept  at  their  base.    The  best  figures  of  V 

theblood-vesselsof  the  valves  aregiven  — ~         ^  ^ 

by  Langer  and  Darier.   The  network  of 

lymphatics  in  the  endocardium  reaches  -p,. 
towards  the  middle  of  the  valves. 

Weightof  the  Heart. —According  to    Pui'kinje's  fibres  isolated  with  dilute  alcohol.    6',^cell ; 
W.  Müller  the  proportion  between  °he  /'  striated  substance  ;  11,  nucleus.     x  300. 

weight  of  the  body  and  the  heart  in  the  child,  and  until  the  body  reaches  40  kilos,  is  5  crrms  of 
heart-substance  to  1  kilo,  of  body-weight;  when  the  body-weight  is  from  50  to  90  kilos,  the  ratio 
IS  1  kilo,  to  4  grms  of  heart-substance  ;  at  100  kilos.  3-5  grms.  As  age  advances,  the  auricles 
become  stronger.  _  The  right  ventricle  is  half  the  weight  of  the  left.  The  weight  of  the  heart 
of  an  adult  man  is  about  309  grms.  ;  female,  274  grms.  [According  to  Laennec  the  heart  is 
about  the  size  of  the  closed  fist  of  the  individual]  Blosfeld  and  Dieberg  give  346  amis  for 
^  n«a  ^°  340  grms  for  the  feniale  heart.    The  specific  gravity  of  the  heart-muscle  is 

11        l  !  ventricle  in  the  middle  in  man  is  11-4  mm.,  and  in  woman 

11-15  ;  that  ot  the  right  is  41  and  3-6  mm.  respectively. 

47.  AUTOMATIC  REGULATION  OF  THE  HEART. -Anatomatical  Investigations  -The  two 
coronary  arteries  arise  from  the  first  part  of  the  aorta  in  the  region  of  the  sinus  of  Valsalva 
Ihe  position  of  origin  varies— (1)  either  the  orifices  lie  within  the  sinus,  or  (2)  their  openines 
are  only  partially  reached  by  the  margins  of  the  semi-lunar  valves  (which  is  usually  the  case  in 
the  left  coronaiy  artery  of  man  and  the  ox),  or  (3)  their  orifices  lie  clear  above  the  margins  of 
the  valves.  Tost-mortem  observations  seem  to  show  that  during  contraction  of  the  ventricle 
it  IS  jery  improbable  that  the  semi-lunar  valves  constantly  cover  the  origin  of  the  coronary 

Automatic  Regulation  of  the  Heart. —Brücke  attempted  to  show  that  during 
the  systole,  or  contraction  of  the  ventricle,  the  semi-lunar  valves  covered  the 
openmgs  of  the  coronary  arteries,  so  that  these  vessels  could  be  filled  with  blood 
only  during  the  diastole  or  relaxation  of  the  ventricle.  To  him  it  seemed  that  (a) 
the  diastolic  filling  of  the  coronary  arteries  would  help  to  dilate  the  ventricles- 
(6)  on  the  contrary,  a  systolic  filling  of  these  arteries  would  oppose  the  contrac- 
tion, _  because  the  systolic  filling  and  expulsion  of  the  blood  from  the  coronary 
arteries  would  dimmish  the  force  of  the  ventricular  contraction.     [To  this 
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renaerea  as  du      ,  following  considerations  militate  against  tins 

Arguments  against  Brücke  s  ^^^^l-^^^^^^^^^'^''!' ^       pressure  in  a  dead  heart  causes  a 
theory  :-(!)  Filling  the  coronary  v^ssd     mdei  a  hi^^h  p   s.  ^^^^^^^^     ^^^^  ^^^^^^^^^^  ^ 
dwmmtion  of  the  ventricular  cav  ty  ^^.  f  ^  f^.^H       j  ^^^^^^^  ^  dilatation  of  the  ventricle 
lie  in  loose  sub-pericardial  /^"^  ^  r /äVir  (sT^^^^  on  animals  have  shown  that 

through  this  agency     ^^^  ^^^^  f^^^^^^^^^^  äe  sy^stole  of  the  ventricle.    Von  Ziemssen 

a  coronary  artery  spouts,  like  all  ^^^'^^!f'' ^''V'  °.  '  rt  of  the  anterior  wall  ot  the  thorax 
found  that  in  the  case  of  a  woman  ^^^^^^^^^^^.^^^^f^Ä  ^  thin  membrane,  the  pulse  in  the 
removed  by  an  operation  the  l^^'^^^.^^^^^f/'X  in  th^^^  pulmonary  artery.  H.  N.  Martin  and 
coronary  arteries  was  synchronous  with  ^^^.^^ff^  ^f,^^^  artery,  and  another  with  the 

Sedgwic'k  placed  a  manometei^m  --^^^V  he  pul^^a^^^^^^^^^  7'?^" 
carotid  in  a  large         f     ,t  A  iTfl mvs  o^^^^ 

a  coronary  artery  is  divided,  the  blood  A«^^!.  ^^^^  "^f/"^^^^  intermittent  current  of  water 

the  systole  of  the  ventric  es  (^^if'^."^^'  ^Äbe  int^^  the  left  auricle  of  a  fresh  pig's  heart, 
be  allowed  to  flow  through  a  sufticient ly  ^ovided  with  a  vertical  tube,  the 

so  that  the  water  passes  into  ^^^^.^'l^^'^^^^^^^  during  the  systo  e. 

water  flows  continuously   rom  ^Tje  be  filled  during  the  diastole, 

(5)  It  is  exceedingly  improbable  ^.^^^  the  coiona^^^^^  ventricle.    (6)  There  is  always  a 

while  all  the  other  arteries  are  filled  d^^ijg  s^^^^^^^^^^^  during  the  first  part  of 

sufficient  quantity  of  blood  in  the  sinus     /  ^"^^^^  to  the  aortic  wall  {Eamberger 

the  systole.    (7)  The  valves,  '^'^'^'^ '^'''^J^^^^^^  {Sandborg  and  Worm  Müller). 

Rüdiger)  even  by  the  most  energetic  P^^^^;;^^^^^^^^^  small  arteries  dilate  during  cou- 

(8)  Observations  on  voluntary  muscles  (9)  Bv  the  systolic  filling  of  the 

traction  of  the  «^^^ck^anf  the  blood-    e^^^^^^  the  diastole 

Xr:ÄS~e  ÄlTonteL  a.  p.öpeUed  towards  the  .eins. 


the  blood 


the  venous  strea.n  is  intermpted ;  (2)  durmg  »  coronary  arteries  are 

coronary  veins  elastic  intima,  which  perhaps  aeconnts 

SM^nÄ-  tÄr?  ä^yforthtUlUr-vertehrates  have  no  Uood- 

vessels  in  their  heart-muscle,  e.^.,  frog  (i^2/r^0- 

analogous  conditions  occur  as  in  a''^''™'";^  do  '         found  that  after  two 

and  others  have  ligatured  the  '^''^■^»y.f^^^Ä^^  muscular  fibres, 

minutes  the  «»diac  contractions  gave  placenta  ^^^^^  ^  artery 

and  ultimately  che  heart  ceased  to  ^^^^  J^^g^™^^^^^^^^  j^is  result.  If  the  coronary 
alone,  or  of  both  its  branches  is  sufficient     P™^''«^^^^^^^^  the  bulbus  aortffi 

arteries  be  compressed  or  tied  in  a  '^^^tnÄi^^^^^^^       sudden  ana,mia 

and  the  ventricle,  the  heart's  action  the  nietabolism  in  the  heart- 

and  to  the  retention  of  the  o^^P^f XÄfcorresponding  ventricle,  then  the 
muscle.    Ligature  of  °-^«/*^y«;t  fur  clef  Z^^^^^^ 

other  ventricle,  and  last  of  all,  '''"IXial  resSration  in  a  curarised  animal  . 
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the  right  pulsates  with  luidimiiiished  force.  Hence  it  follows  that,  as  the  left  half 
of  the  heart  cannot  expel  the  blood  in  sufficient  quantity,  the  left  auricle  becomes 
filled,  whilst  the  right  ventricle,  not  being  affected,  pumps  blood  into  the  lungs. 
CEdema  of  the  lungs  is  produced  by  the  high  pressure  in  the  pulmonary  circulation, 
which  is  propagated  from  the  right  heart  through  the  pulmonary  vessels  into 
the  left  auricle  {Samuelson  and  Griinliac/en).  According  to  Sig.  Mayer,  protracted 
dyspnoea  causes  the  left  ventricle  to  beat  more  feebly  sooner  than  the  right,  so 
that  the  left  side  of  the  heart  becomes  congested.  Perhaps  this  may  explain  tlie 
occurrence  of  pulmonary  oedema  during  the  death-agony. 

Cülmheim  and  v.  Schultliess-Recliberg  found,  after  ligature  of  one  of  tlie  large  brauehes  of  a 
coronary  artery  in  a  dog,  that  at  the  end  of  a  minute  the  pulsations  become  intermittent. 
This  intermittence  becomes  more  pronounced,  the  two  sides  of  the  heart  do  not  contract 
simultaneously  (arhythmia),  the  heart  beats  more  slowly,  and  the  blood-pressure  falls. 
Suddenly,  about  105  seconds  after  the  ligature  is  applied,  both  ventricles  cease  to  beat,  and 
there  is  a  great  fall  of  the  blood-pressure.  After  an  arrest  lasting  for  about  10  to  20  seconds, 
twitching  movements  occur  in  the  ventricles,  while  the  auricles  pulsate  regularly,  and  may 
continue  to  do  so  for  many  minutes,  but  the  ventricles  cease  to  beat  altogether  after  50  seconds. 
According  to  Lukjanow,  there  is  a  peristaltic  condition  which  operates  upwards  and  downwards, 
and  occurs  in  the  period  between  the  regular  contraction  and  the  twitching  vibratory  move- 
ment.   Stimulation  of  the  vagus  does  not  arrest  these  peristaltic  movements. 

Pathological.— In  so-called  sclerosis  of  the  coronary  arteries  in  old  age,  there  are  attacks  of 
diminished  cardiac  activity,  weakness  of  the  heart,  and  altered  rhythm  and  frequency,  with 
consequent  breathlessness ;  there  may  also  be  loss  of  consciousness,  congestions,  and  attacks  of 
pulmonary  rodema.    Death  may  take  place  unexpectedly  from  sudden  arrest  of  the  heart's  action. 

48.  MOVEMENTS  OF  THE  HEART.— Cardiac  Revolution.— The  movement 
of  the  heart  is  characterised  by  an  alternate  contraction  and  relaxation  of  its  walls. 


Fig.  39. 

Diagram  of  the  sequence  of  events  in  the  heart  during  a  cardiac  cycle. 

The  total  cardiac  movement  is  called  a  "  cardiac  revolution,"  or  a  "  cardiac 
cycle,"  and  consists  of  three  acts — the  contraction  or  Systole  of  the  auricles,  the 
contraction  or  Systole  of  the  ventricles,  and  the  pause  (fig.  39).  During  the 
pause  the  auricles  and  ventricles  are  relaxed;  during  the  contraction  of  the  auricles 
the  ventricles  are  at  rest;  whilst  during  the  contraction  of  the  ventricles  the  auricles 
are  relaxed.  The  rest  during  the  phase  of  relaxation  is  called  the  diastole. 
The  three  events — 

Systole  of  the  auricles. 
Systole  of  the  ventricles. 
Pause, 

may  be  represented  by  the  preceding  diagram,  while  the  table  shows  their 
relative  duration  (§51). 
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Landois. 
0-170 -0-177 
0-309-0-346 
0-393-0-407 


Gibson. 
0-100-0-130 
0-325  -0-395 
0-455-0-690 


Duration  of  the  auricular  systole, 
Do.         ventricular  systole, 
Do.  "pause, 

The  following  is  the  sequence  of  events  in  the  heart  during  a  cardiac  cycle  :— 
(A)  The  blood  flows  into  the  auricles,  and  thus  distends  them  and  the  auricular 

appendices.    This  is  caused  by— 

(1)  The  pressure  of  the  blood  in  the  vense  cavse  (right  side)  and  the  pulmonary 

veins  (left  side)  being  greater  than  the  pressure  in  the  auricles.    (2)  The  elastic 


Fig.  40. 

Cast  of  the  ventricles  of  the  human  heart  viewed  from  behind  and  above  ;  the  walls  have  been 
removed  and  only  the  fibrous  rings  and  the  auviculo- ventricular  valves  are  retained.  A 
left    E  'right  ventricle  ;  -S",  septum  ;  F,  left  fibrous  ring,  with  mitral  valve  closed  ;  JJ, 
rio-ht  fibrous  ring,  with  tricuspid  closed  ;  A,  aorta,  with  the  left  (6'i)  and  right  (C)  coronary 
arleries  ;  S,  sinus  of  Valsalva  ;  P,  pulmonary  artery. 
traction  of  the  lungs  (§  68),  which,  after  complete  systole  of  the  auricles,  pulls 
asunder  the  now  relaxed  and  yielding  auricular  walls.    The  auricular  appendages 
are  also  filled  at  the  same  time,  and  they  act  to  a  certain  extent  as  accessory 
reservoirs  for  the  large  supply  of  blood  streaming  into  the  auricles. 
(B)  The  auricles  contract,  and  we  observe  in  rapid  succession — 
(1)  The  contraction  and  emptying  of  the  auricular  appendix  towards  the  atrium. 
Simultaneously  the  mouths  of  the  veins  become  narrowed,  owing  to  the  contraction 
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of  their  circular  muscular  fibres  (more  especially  the  superior  vena  cava  and  the 
pulmonary  veins);  (2)  the  auricular  walls  contract  simultaneously  towards  the 
auriculo-ventricular  valves  and  the  venous  orifices,  whereby  (3)  the  blood  is 
driven  into  the  relaxed  ventricles,  which  are  considerably  distended  thereby. 
The  contraction  of  the  auricles  is  followed  by — 

{a)  A  slight  stagnation  of  the  blood  in  the  large  venous  trunks,  as  can  be 
observed  in  a  rabbit  after  division  of  the  pectoral  muscles  so  as  to  expose  the 
junction  of  the  jugular  with  the  subclavian  vein.  There  is  no  actual  regurgitation 
of  the  blood,  but  only  a  partial  interruption  of  the  inflow  into  the  auricles,  because 
the  mouths  of  the  veins  are  contracted,  and  the  pressure  in  the  superior  vena  cava 
and  pulmonary  veins  soon  holds  in  equilibrium  any  reflux  of  blood ;  and  lastly, 
because  any  reflux  into  the  cardiac  veins  is  prevented  by  valves.  The  movement 
of  the  heart  causes  a  regular  pulsatile  phenomenon  in  the  blood  of  the  venee  cavee, 
which  under  abnormal  circumstances  may  produce  a  venous  pulse  (see  §  99). 

{h)  The  chief  motor  efi*ect  of  the  contraction  of  the  auricles  is  the  dilatation  of 
the  relaxed  ventricle,  which  has  already  been  dilated  to  a  sHght  extent  by  the 
elastic  traction  of  the  lungs. 

Aspiration  of  the  Ventricles. —The  dilatation  of  the  ventricles  has  been  ascribed  to  the 
elasticity  of  the  nniscular  walls— the  strongly  contracted  ventricular  walls  (like  a  compressed 
india-rubber  bag),  in  virtue  of  their  elasticity,  are  supposed,  in  returning  to  their  normal  resting 
form,  to  suck  in  or  aspirate  the  blood  under  a  negative  pressure  ;  this  power  on  the  part  of  the 
ventricle  is  not  great  (p.  68). 

(c)  _  When  the  ventricles  are  distended  by  the  inflowing  blood,  the  auriculo- 
ventricular  valves  are  floated  up,  partly  by  the  recoil  or  reflexion  of  the  blood  from 
the  ventricular  wall,  and  partly  owing  to  their  lighter  specific  gravity,  whereby 
they  easily  float  into  a  more  or  less  horizontal  position.  The  valves  are  also  raised 
to  a  slight  extent  by  the  longitudinal  muscular  fibres,  which  pass  from  the  auricles 
into  the  cusps  of  the  valve. 

(C)  The  ventricles  now  contract,  and  simultaneously  the  auricles  relax, 
whereby —  ' 

(1)_  The  muscular  walls  contract  forcibly  from  all  sides,  and  thus  diminish  the 
ventricular  cavity.  (2)  The  blood  is  at  once  pressed  against  the  under  surface  of 
the  auriculo-ventricular  valves,  whose  curved  margins  are  opposed  to  each  other  like 
teeth,  and  are  pressed  hermetically  against  each  other  (fig.  40).  It  is  impossible 
for  the  blood  to  push  the  cusps  backwards  into  the  auricle,  as  the  chordse  tendinese 
hold  fast  their  margins  and  surfaces  like  a  taut  sail.  The  margins  of  the  neigh- 
bouring cusps  are  also  kept  in  apposition,  as  the  chordse  tendineee  from  one  papillary 
muscle  always  pass  to  the  adjoining  edges  of  two  cusps. 
The  extent  to  which  the  ventricular  wall  is  shortened  is 
compensated  by  the  contraction  of  the  pa]ullary  muscle, 
and  also  of  the  large  muscular  chordse,  so  that  the  cusps 
cannot  be  pushed  into  the  auricle.  When  the  valves  are 
closed,  their  surfaces  are  horizontal,  so  that,  even  when 
the  ventricles  are  contracted  to  their  greatest  extent, 
there  remains  in  the  supra-papillary  space  a  small  amount 
of  blood  which  is  not  expelled  {Sandborg  and  Worm 
Müller).  (3)  When  the  pressure  within  the  ventricles 
exceeds  that  in  the  arteries,  the  semi-lunar  valves  are 
forced  open  and  stretched  like  a  sail  across  the  pocket-  Fig,  41. 

like  sinus  without,  however,  being  directly  appHed  to  The  closed  semi-lunar  valve  ot 
tJie  wail  ot  the  arteries  (pulmonary  and  aorta),  and  thus  the  pulmonary  artery  seen 
the  blood  enters  the  arteries.  from  below. 

(D)  Pause. — As  soon  as  the  ventricular  contraction  ends,  and  the  ventricles 
begin  to  relax,  the  semi-lunar  valves  close  (fig.  41).    The  diastole  of  the  ventricles 
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is  followed  by  the  pause.  Under  normal  circumstances,  the  right  and  left  halves 
of  ths  heart  always  contract  or  relax  uniformly  and  simultaneously. 

Endocardial  Pressure  and  Negative  Pressure  in  the  Ventricle. -Goltz  and  Gaule  found 
that  there  was  a  negative  pressure  of  23-5  mm.  Hg.  (dog)  in  the  interior  of  the  ventricle  dun^^^^ 
a  certain  phase  of  the  heart's  action.  This  they  determined  by  a  maximal  and  mm  mal 
maTomete?  They  surmised  that  this  phase  coincided  with  the  diastolic  dilatation  for  which 
tryTs sim^d  a  considerable  power  of  aspiration.  Moens  is  of  ophnon  that  this  -f  at-e  jn.ssivre 
within  the  ventricle  obtains  shortly  before  the  systole  has  reached  üs  heigM,        J^.«^  ^J^,^  .^^^^ 

nner  surface  of  the  ventricles  and  the  valves,  after  the  blood  is  expelled,  are  nearly  in  apposition, 
nrexp  ains  this  aspiration  as  being  due  to  the  formation  of  an  empty  space  in  the  ventricle 
caused  by  the  energetic  expulsion  of  the  blood  through  the  aorta  and  pu  monary  artery 

TMaximum  and  Minimis  Manometer. -Into  the  tube  connecting  the  interior  of  the  ven- 
tricle of  the  heart  with  the  ordinary  U-shaped  mercury  manometer,  is  ^"^^'^f^^f  ^,,\1^^,I;;^;^Xa 
manometer,  which  is  constructed  on  the  principle  of  a  ball  and  cup  ^alve  (fig.  42)  the  ball  A, 
bein-  kept  closed  in  B  by  a  spring  C.    To  make  it  a  maximum  manometer  the  end  A  is  con- 


j     •  •         ,..onr^n-iPi-pr  AR     +  shows  the  actual  size  and  arrangement  of 
Gaule's  maximum  and  minimum  manometer  A  ö.    i  suu\^b 

the  valve. 

nected  with  the  l.art,  and  B  with  tl.  i~^^^ 

on  the  upper  limb  the  valve  IS  actcM^^o  I  onl^^^^^^^  '        ^^^^  ^j^^  ^^^^^^^ 

it,  but  during  diastole  It  closes  and  no  blood         letmn.    i       g  ^^^^^ 
beyond  the  valve  in  the  mercury  manometer  is  the  same  a.  in  tne 
reversed,  it  is  converted  into  a  minimum  manometer.  J 

49  PATHOLOaiCAL  CARDIAC  ACTION. -Cardiac  Hypertrophy -All  ';esistances  to  the 

to  the  ™f"'l-^„ä^tric  hIpertUto  o  hyÄ'hy  with  .Slatatlon.  The  obstacles  most 
^''tHu^  arise-(l)  Hypertrophy  of  the  left  ventricle,  owing  to  resistance  in  the  area  of  the 
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insufficiency,  {b)  When  the  Vcalves  of  the  pulmonary  artery  are  insufficient,  thus  permitting 
the  blood  to  flow  back  into  the  ventricle,  so  that  the  pressure  within  the  pulmonary  artery 
prevails  within  the  right  ventricle  (very  rare). 

(4)  Hypertrophy  of  the  right  auricle  occurs  in  consequence  of  the  last-named  condition,  and 
also  from  stenosis  of  the  tricuspid  orifice,  or  insufficiency  of  the  tricuspid  valve  (rare). 

Artificial  Injury  to  the  Valves. — If  the  aortic  valves  are  perforated,  with  or  without 
simultaneous  injury  to  the  mitral  or  tricuspid  valves,  the  heart  does  more  work  ;  thus  the 
physical  defect  is  overcome  for  a  time,  so  that  the  blood-pressure  does  not  fall.  The  heart  seems 
to  have  a  store  of  reserve  energy  which  is  called  into  play.  Soon,  however,  dilatation  takes 
place,  on  account  of  the  regurgitation  of  the  blood  into  the  heart.  Hypertrophy  then  occurs, 
but  the  compensation  meanwhile  must  be  obtained  through  the  reserve  energy  of  the  heart 
{0.  Rosenhach). 

Impeded  Diastole. — Among  causes  which  hinder  the  diastole  of  the  heart  are — copious  effusion 
into  the  pericardium,  or  the  pres-sure  of  tumours  upon  the  heart.  The  systole  is  greatly  inter- 
fered with  when  the  heart  is  united  to  the  pericardium  and  to  the  connective  tissue  in  the 
mediastinum.  As  a  consecpience,  the  connective  tissue,  and  even  the  thoracic  wall,  are  drawn 
in  during  contraction  of  the  heart,  so  that  there  is  a  retraction  of  the  region  of  the  apex-beat 
during  systole,  and  a  protrusion  of  this  part  during  the  diastole. 

[Palpitation  is  a  symptom  indicating  generally  very  rapid  and  quick  action  of  the  heart,  the 
pulsations  often  being  unequal  in  time  and  intensity,  while  the  person  is  generally  conscious  of 
the  irregularity  of  the  cardiac  action.  It  may  be  due  to  some  organic  condition  of  the  heart 
itself,  especially  where  the  cardiac  muscles  are  weak,  in  cases' of  dilatation  and  hypertrophy  of 
the  left  ventricle,  v/here  the  heart  is  gradually  becoming  unable  to  overcome  the  resistances  offered 
to  its  work,  and  especially  during  exertion  when  the  heart  is  taxed  above  its  strength.  It  may 
also  occur  where  the  blood-pressure  is  low,  as  in  anyemia,  so  that  the  heart  contracts  quickly, 
there  being  little  resistance  opposed  to  its  action.  The  excitability  of  the  cardiac  muscle  may 
be  increased  as  in  fatty  heart,  when  very  slight  exertion  may  excite  it  often  in  a  paroxysmal 
way.  In  other  cases,  it  is  nervous  in  its  origin,  being  either  direct  or  reflex.  In  very  emotional 
and  excitable  people  (especially  in  women)  it  is  easily  set  up,  and  in  some  people  it  may  be 
produced  reflexly  by  gastric  or  intestinal  irritation  or  dyspepsia.  It  also  frequently  results 
from  excesses  of  all  kinds  and  the  over-use  of  tobacco.  The  remedies  to  be  used  obviously 
depend  on  the  cause.  Where  the  blood-pressure  is  low,  as  in  antemia,  digitalis  and  iron  will 
do  good;  the  former  by  increasing  the  blood-pressure,  and  the  latter  by  improving  the  general 
nutrition  of  the  body  and  the  blood  in  particular.  In  neurotic  cases  cardiac  sedatives  are 
indicated,  while  in  cases  due  to  indigestion  hydrocyanic  acid  is  useful  [Brimton).} 

[Fainting  or  Syncope. — In  fainting  the  person  loses  consciousness,  owing  to  a  sudden  arrest 
of  the  blood-supply  to  the  brain,  the  fiice  is  pallid,  the  respiration  is  feeble  or  ceases,  while  the 
heart  beats  but  feebly  or  not  at  all.  The  defective  supply  of  blood  to  the  brain  may  depend 
upon  sudden  arrest  of  the  heart's  action,  caused,  it  may  be,  by  a  fright,  or  the  heart's  action 
may  be  arrested  reflexly.  Any  cause  which  suddenly  diminishes  the  blood-pressure  may  pro- 
duce it,  or  when  pressure  is  suddenly  removed  from  the  large  vessels,  as  in  tapping  the  abdomen 
in  ascites,  without  at  the  same  time  giving  sufficient  support  to  the  abdominal  viscera.  When 
a  person  has  been  long  in  the  recumbent  position,  on  being  rapidly  set  up  in  bed  he  may  faint. 
In  some  forms  of  heart  disease,  sudden  exertion  or  change  of  posture  may  produce  it.] 

[Treatment. — The  object  is  to  restore  consciousness  and  the  action  of  the  heart.  Place  the 
person  in  the  horizontal  position,  keep  the  head  low,  even  lower  than  the  body,  and  do  not 
support  it  with  pillows.  Dashing  cold  water  on  the  face,  so  as  to  stimulate  the  fifth  nerve, 
usually  succeeds  in  causing  the  person  to  take  a  deep  inspiration.  In  other  cases  a  sniff  of 
smelling  salts  or  ammonia,  acting  through  the  nasal  branch  of  the  fifth  nerve,  will  excite  the 
cardiac  and  respiratory  functions  (§  368).] 

50.  THE  APEX-BEAT  CARDIOGRAM.— Cardiac  Impulse.— By  the  term 
"  apex-l)eat"  or  "cardiac  impulse,"  or  "  precordial  pulsation  "  is  understood  under 
normal  circumstances  an  elevation  (perceptible  to  touch  and  sight),  in  a  circum- 
scribed area  of  the  ßfth  left  intercostal  space,  and  caused  by  the  movement  of  the 
heart.  [The  term  "  precordial "  is  applied  to  the  part  of  the  chest  situated  in 
front  of  the  heart.  The  cardiac  impulse  is  felt,  and  is  normally  visible  in  the 
fifth  left  intercostal  space,  2  inches  below  the  nipple,  and  ^  to  1  inch  to  its  sternal 
side,  or  at  a  point  2  inches  to  the  left  of  the  sternum,  i.e.,  about  3  inches  from  mid- 
sternum.]  The  impulse  is  more  rarely  felt  in  the  fourth  intercostal  space,  and  it 
is  much  less  distinct  when  the  heart  beats  against  the  fifth  rib  itself.  The  posi- 
tion and  force  of  the  cardiac  impulse  vary  with  changes  in  the  position  of  the 
body.  [The  term  "  apex-beat"  is  very  loosely  applied,  but  normally  it  is  produced 
by  the  impulse  of  the  apex  of  the  left  ventricle  against  the  thoracic  wall.] 
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[The  cardiac  impulse  is  synchronous  with  the  systole  of  the  heart,  but  although  this  name 
and  apex-beat  are  frequently  used  as  synonymous  terms,  it  is  to  be  remembered  that  the 
impulse  may  be  caused  by  ditferent  parts  of  the  heart  being  in  contact  with  the  chest-wall. 
The  cardiac  impulse  is  usually  higher  than  normal  in  children,  while  it  is  lower  during  inspira- 
tion than  expiration,] 

[Methods. — To  obtain  a  curve  of  the  apex-beat  or  a  cardiogram,  we  may  use  one  or  other  of 
the  following  cardiographs  (fig.  43).  Fig.  43,  A,  is  the  first  form  used  by  Marey,  and  it  consists, 
of  an  oval  wooden  capsule  ap})lied  in  an  air-tight  manner  over  the  apex-beat.  The  disc,  2h 
capable  of  being  regulated  by  the  screw,  s,  presses  upon  the  region  of  the  apex-beat,  while  t  is  a 
tube  which  may  be  connected  with  a  lecording  tambour  (fig.  55).  B  is  an  improved  form  of 
the  instrument,  consisting  essentially  of  a  tambour,  while  attached  to  the  membrane  is  a  button, 


Cardiographs.    A,  Marey's  original  form  ;    B,  Marey's  improved  form  ;    C,  pansphygmo- 
graph  of  Brondgeest ;  D,  cardiograph  of  Burdon-Sandersou ;  E,  that  of  v.  Knoll. 


p,  to  be  applied  over  the  apex-beat.  The  movements  of  the  air  within  the  capsule  are  com- 
municated by  the  tube,  t,  to  a  recording  tambour.  Fig.  43,  C,  is  the  pansphygmograph  of 
Brondgeest,  which  consists  of  a  Marey's  tambour,  in  an  iron  horse-shoe  frame,  and  adjustable 
by  means  of  a  screw,  s.  Burdon-Sanderson's  cardiograph  is  shown  in  V.  The  button,  ^j,  carried 
by  the  spring,  e,  does  not  rest  upon  the  caoutchouc  membrane,  but  on  an  aluminium  plate 
attached  to  it.  The  apparatus  is  adjusted  to  the  chest  by  three  supports.  Fig.  43,  E,  shows 
a  modified  instrument  on  the  same  principle  by  Grummach  and  v.,.  Knoll.  In  all  these 
figures  the  t  indicates  the  exit-tube  communicating  with  a  recording  tanibour  (fig.  65).  D  and 
^may  be  used  for  other  purposes,  e.g.,  I'or  the  pulse,  so  that  they  are  polygraphs.  See  also 
fig.  88.] 

[For  studying  the  curve  of  contraction  and  expansion  of  the  ventricles  Roy  and  Adami  used 
a  special  myo-cardiograph.  Fine  hooks  were  inserted  into  the  ventricular  wall,  the  hooks  were 
attached  to  threads  which  hooked  over  pulleys  and  were  then  connected  with  recording  levers. 
To  obtain  tracings  of  the  contraction  of  the  papillary  nmscles  a  fine  hooked  wire  was  inserted 
through  the  auricular  wall  and  hooked  over  one  of  the  mitral  flaps.  It  slides  easily  in  a  collar 
which  is  tied  to  the  edges  of  the  opening  in  the  auricular  walk  To  the  wire  is  attached  a  thread, 
which,  after  passing  round  a  pulley,  is  attached  to  a  recording  lever.] 

Fig  47,  A,  shows  the  cardiogram  or  the  impulse-curve  of  the  heart  of  a  healthy 
man  ;  B,  that  of  a  dog,  obtained  by  means  of  a  sphygmograph.  In  both,  the  follow- 
ing points  are  to  be  noticed  : — ah,  corresponds  to  the  time  of  the  pause  and  the 
contraction  of  the  auricles.  As  the  atria  contract  in  the  direction  of  the  axis  of  the 
heart  from  the  right  and  above  towards  the  left  and  below,  the  apex  of  the  heart 
moves  towards  the  intercostal  space.    The  two  or  three  smaller  elevations  are 
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The  curve  rises  at  a,  with  the  heginniiig  of 


perhaps  caused  by  the  contractions  of  the  ends  of  the  veins,  the  auricular  appendices, 
and  the  atria  themselves. 

The  portion  &c,  which  communicates  the  greatest  impulse  to  the  instrument,  and 
also  to  one's  hand  when  it  is  placed  on  the  apex-beat,  is  caused  by  the  contraction 
of  the  ventricles,  and  during  it  the  first  sound  of  the  heart  occurs.  By  some 
observers  the  cardiac  impulse  has  been  ascribed  to  the  contraction  of  the 
ventricles  alone.  It,  however,  is  due  to  all  those  conditions  which  cause  an  eleva- 
tion in  the  region  of  the  cardiac  impulse. 

[Edgren  recorded  a  human  cardiogram,  and  listened  at  the  same  time  to  the  heart-sound? 
recording  the  latter  by  means  of  an  electric  signal, 
the  first  sound,  i.e.,  with 
the  contraction  of  the 
ventricles,  and  reaches- 
the  abscissa  at  /with  the 
beginning  of  the  second 
sound, i.e., when  thesemi- 
lunar  valves  are  closed. 
The  relation  between  a 
and  the  points  interme- 
diate between  itand /,an(' 
to  the  pulse-curve  of  tbi 
carotid,  is  shown  in  fig. 
45.  The  letters  with  the 
dash  correspond  to  the  Fig.  44. 

unmarked  letters  in  the  Cardiogram,    a-f ;  1,  beginning  of  1st,  and  2,  2nd  sound, 

cardiogram.]  ^  y  j    >     &  0 

[While  all  observers  are  agreed  as  to  the  position  of  the  occurrence  of  the  first  sound  in  a 
cardiogram,  they  difter  very  considerably  as  to  the  position  of  the  second  sound,  ie.,the  closure 
of  the  semi-lunar  valves  (fig.  46).  Martins 
places  it  in  the  depression  between  c  anc^ 
d  (fig.  47,  E) ;  Landois  at  the  two  projection; 
d  and  e,  d  corresponding  to  the  closure  o 
the  aortic,  and  e  to  that  of  the  pulmonar 
valves  ;  Marey  and  Fredericq  about  th 
middle  between  e  and  /,  and  Edgren  at  th( 
point/.  According  to  Landois,  the  part  h 
(fig.  47,  A)  is  due  to  the  contraction  of  tb 
ventricles,  and  from  c  onwards  the  ventri 
cular  musculature  begins  to  relax  and  last; 
from  c  to  /.  It  is  plain  from  the  diagran 
that  according  to  Landois  the  closure  of  th( 
semi-lunar  valves  takes  place  earlier  (at  a 
and  e)  than  according  to  Marey  is  the  case. 
Fredericq  has  recently  re-investigated  the 
subject  on  the  dog's  heart,  and  agrees  with 
Marey  that  the  closure  of  the  semi-lunar 
valves  takes  place  at  e.    See  also  fig.  46.] 

The  cause  of  the  cardiac  impulse  has  been  much  discussed, 
the  following  : — 

(1)  The  base  of  the  heart  (auriculo-ventricular  groove)  represents  during  diastole 
a  transversely-placed  ellipse  (fig.  48,  I.,  FG),  while  during  contraction  it  has  a  more 
circular  figure,  ah.  Thus,  the  long  diameter  of  the  ellipse  (FG)  is  diminished,  the 
small  diameter  dc  is  increased,  while  the  base  is  brought  nearer  to  the  chest- wall  e. 
This  alone  does  not  cause  the  impulse,  but  the  basis  of  the  heart,  being  hardened 
during  the  systole  and  brought  nearer  to  the  chest-wall,  allows  the  apex  to  execute 
the  movement  which  causes  the  impulse  (p.  69). 

(2)  During  relaxation  the  ventricle  lies  with  its  apex  (fig,  48,  IL,  i)  obliquely 
downwards,  and  with  its  long  axis  in  an  oblique  direction — so  that  the  angles  [hci, 
aci)  formed  by  the  axis  of  the  ventricles  with  the  diameter  of  the  base  are  unequal 
— during  systole  it  represents  a  regular  cone,  with  its  axis  at  right  angles  to  its 
base.    Hence  the  apex  (i)  must  be  erected  from  below  and  behind  (p),  forwards 


Fig.  45. 

The  upper  curve  from  the  human  carotid;  the  lower 
a  cardiogram  taken  simultaneously. 


It  depends  upon 
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and  upwards  {Harvey—''  cor  sese  erigere "),  and  when  hardened  during  systole 
presses  itself  into  the  intercostal  space  (fig.  48,  II.). 

(3)  The  ventricles  undergo  during  systole 
a  slight  spiral  twisting  on  their  long  axis 
("lateralem  inclinationeni  — Harvey),  so  that 
the  apex  is  brought  from  behind  more  for- 
ward, and  thus  a  greater  portion  of  the  left 
ventricle  is  turned  to  the  front.  This  rota- 
tion is  caused  by  the  muscular  fibres  of  the 
ventricles,  which  proceed  from  that  part  of 
the  fibrous  rings  between  the  auricles  and 
ventricles  which  lies  next  the  anterior  thoracic 
wall.  The  fibres  pass  from  above  obliquely 
downwards,  and  to  the  left,  and  also  run  in 
part  upon  the  posterior  surface  of  the  ven- 
tricles. When  they  contract  in  the  axis  of 
their  direction,  they  tend  to  raise  the  apex, 
and  also  to  bring  more  of  the. posterior  surface 


Fig.  46. 


Cardiogram  ordog,^shm^^^^^^  ^^^^^        ^^^^^^-^^^  ^^i^j,    ^^e  anterior 


points  of  ^  ^^.^.„f,. —    . 

different  observers  have  referred  the  thoracic  wall 


It  is  favoured  by  the  slightly 
occurrence  of  the  second  sound  spiral  arrangement  of  the  aorta  and'  pulmonary 
(closure  of  the  semi-lunar  valves).  artery. 

These  are  the  most  important  causes,  but  the  minor  causes  are — 

(4)  The  "  reaction  impulse  "  or  "  recoil,''  or  that  movement  which  the  ventricles 


Fig.  47. 

Curves  from  the  a]»ex-l:)eat.  A,  normal  curve  (man)  ;  B,  from  a  dog,  C,  very  rapid  curve 
(.log)  ;  D  and  E,  normal  curves  (man)  registered  on  a  vibrating  glass  plate  Avhere  each 
indentation  =  0-01613  sec.  In  all  the  curves  ab  means  contraction  of  the  auricles,  and 
be  of  the  ventricles  ;  d,  closure  of  the  aortic,  and  e,  of  the  pulmonary  valves  ;  ef,  diastole 
of  the  ventricle. 

are  said  to  undergo  (like  an  exploded  gun  or  rocket)  at  the  moment  when  the 
blood  is  discharged  into  the  aorta  and  pulmonary  artery,  whereby  the  apex  goes  in 
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the  opjDOsite  direction,  i.e.,  downwards  and  slightly  outwards.  Landois,  however, 
has  shown  that  the  mass  of  blood  is  discharged  into  the  vessels  0'08  of  a  second 
.after  the  beginning  of  a  systole,  while  the  cardiac  impulse  occurs  with  the  first 
sound. 

(5)  When  the  blood  is  discharged  into  the  aorta  and  pulmonary  artery,  these 
vessels  are  slightly  elongated,  owing  to  the  increased  blood-pressure.  As  the  heart 
is  suspended  from  above  by  these  vessels,  the  apex  is  pressed  slightly  downwards 
and  forwards  towards  the  intercostal  space  C?). 

As  the  cardiac  impulse  is  observed  in  the  empty  hearts  of  dead  animals,  (4)  and  (5)  are  certainly 
of  only  second-rate  importance.  Filehne  and  Pent- 
zoldt  maintain  that  the  apex  during  systole  does 
not  move  to  the  left  and  downwards,  as  must  be 
the  case  in  (4)  and  (5),  but  that  it  moves  iipward 
and  to  the  right — a  result  corroborated  by  v. 
Ziemssen,  [Barr  attributes  the  cause  of  the  im- 
pulse to  the  rigidity  or  hardening  of  the  ven- 
tricle during  systole  to  the  rotatory  mov'ement 


Fig.  48. 

1.  Schematic  horizontal  section  through  the  heart,  lungs,  and  thorax,  to  show  the  change  of 
shape  which  the  base  of  tlie  heart  undergoes  during  contraction  of  the  ventricle — F,  G, 
transverse  diameter  of  tlie  ventricle  during  tiiastole  ;  c,  position  of  the  thoracic  wall  ;  a,  h, 
transverse  diameter  of  the  heart  during  systole,  with  e,  position  of  the  anterior  thoracic 
wall  during  systole.  II.  Side-view  of  the  heart— apex  during  diastole  ;  p,  during 
systole. 

and  lengthening  downwards  of  the  blood  column  in  the  aorta  and  pulmonary  artery,  while 
towards  the  end  of  the  systole  the  maximum  of  recoil  takes  place  and  also  contributes  to 
cause  it.  ] 

It  is  to  be  remembered  that  as  the  apex  is  always  applied  to  the  chest-wall,  separated  from  it 
merely  by  the  thin  margin  of  the  lung,  it  only  presses  against  the  intercostal  space  duriug 
systole  (Knoisch). 

After  the  apex  of  the  curve,  c,  has  been  reached  at  the  end  of  the  systole,  the 
curve  falls  rapidly,  as  the  ventricles  quickly  become  relaxed.  In  the  descending 
part  of  the  curve,  at  d  and  e,  are  two  elevations,  which  occur  simultaneously 
with  the  second  sound.  These  are  caused  by  the  sudden  closure  of  the  semi-lunar 
valves,  whereby  an  impulse  is  propagated  through  the  axis  of  the  ventricle  to  its 
apex,  and  thus  causes  a  vibration  of  the  intercostal  space  ;  d  corresponds  to  the 
closure  of  the  aortic  valves,  and  e  to  the  closure  of  the  pulmonary  valves.  The 
closure  of  the  valves  in  these  two  vessels  is  not  simultaneous,  but  is  separated  by 
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an  interval  of  O'OS  to  0-09  sec.  The  aortic  valves  close  sooner  on  account  of  the 
greater  blood-pressure  there.  Complete  diastolic  relaxation  of  the  ventricle  occurs 
from  e  to  /  in  the  curve. 

It  is  clear,  then,  that  the  cardiac  impulse  is  caused  chiefly  by  the  contraction  of 
the  ventricles,  while  the  auricular  systole  and  the  vibration  caused  by  the  closure 
of  the  semi-lunar  valves  are  also  concerned  in  its  production. 

[Fig.  49  (1)  shows  a  cardiogram  obtained  from  a  case  of  ectopia  cordis,  and  side  by 
side  with  it  is  (2)  a  tracing  from  the  heart  of  a  cat,  which  was  obtained  by  resting 

a  light  lever  on  the  an- 
terior wall  of  the  left 
ventricle,  the  organ  being 
exposed  by  making  a  hole 
in  the  thorax.  The  two 
curves  are  identical  in 
character.  In  each  a 
rounded  wave  (a  to  h)  is 
followed  by  a  rapid  ascent 
of  the  curve  (6  to  c), 
while  the  summit  or 
dateau  shows  a  notch 
[d),  and  a  more  or  less 
munded  shoulder  (e)  pre- 
ceding the  descent.  The 
part  of  the  curve  between 
b  and  e  corresponds  to 
the  contraction  of  the 
ventricle,  and  from  e 
onwards  to  its  relaxa- 
tion.] 

[Some  light  is  thrown 
of  a  cardiographic  tracing 


1.  Cardiographic  tracing  from  a  case  of  ectopia  cordis  {Fran<;ois 
Franck).  2.  Cardiographic  tracing  from  the  exposed  heart  of 
a  cat,  obtained  by  placing  a  light  lever  on  the  ventricle.  The 
tuning-fork  curve  marks  50  vibrations  per  sec. 


on  the  cardiogram  if  simultaneously  with  the  taking  ^  -9,' 

the  intra-ventricular  pressure  be  measured.  RoUeston's  method  (p.  75),  hg. 
50  (A)  shows  such  a  tracing.  A  shows  the  changes  in  the  antero-posterior 
diameter  of  the  ventricles,  but  it  is  to  be  noted  that  the  highest  point  ot  A 
does  not  correspond  with  the  maximum  pressure  within  the  ventricle  J^^^^  that 
the  latter  occurs  at  the  same  time  as  the  notch  (4)  of  A.  The  notch  (4)  m  A 
corresponds  in  time  with  the  interposed  wave  (4)  of  B.  The  descent  m  A 
from  3-4  is  due  to  the  ventricles  having  reached  their  maximum  oi  contraction, 
and  forcing  out  some  blood  into  the  aorta  and  pulmonary  artery,  so  that  their 
antero-posterior  diameter  necessarily  diminishes.  What  is  the  cause  of  the  notch  at 
the  moment  of  maximum  intra-ventricular  pressure  1  It  corresponds  m  time  with 
the  rapid  contraction  of  the  papillary  muscles,  which  thus  pull  down  the  auriculo- 
ventricular  valves,  thus  raising  the  intra-ventricular  pressure ;  but  at  the  same 
time  the  part  of  the  ventricular  wall  from  which  the  papillary  muscles  originate 
becomes  indented  {Roy  and  Adami).']  _  t  ^- 

rChange  in  Shape  of  Heart.— The  experiments  of  Ludwig  and  Hesse  on  the  heart 
of  the  dog  show  that  the  shape  of  the  ventricles  varies  remarkably  m  systole  and 
diastole,  and  that  the  shape  of  the  heart  as  found  post-mortem  is  not  its  natural 
shape.  Broadly  speaking,  the  ventricles  during  systole  become  tense  and  resisting 
and  they  are  smaller  than  during  diastole,  the  difference  being  equal  to  the  amount 
of  blood  expelled  at  systole.  As  regards  form,  they  change  from  a  somewhat 
hemispherical  figure  with  an  irregular  elHptical  base,  and  assume  a  more  regTilar 
cone-like  form  with  a  circular  base,  so  that  the  transverse  diameter  is  diminished, 
the  antero-posterior  diameter  increased.] 
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[Method. — Bleed  a  dog  ia])idly  fioin  the  carotids,  defibrinate  the  blood,  expose  the  heart,  tie 
graduated  straight  tubes  into  the  pulmonary  artery  and  aorta,  and  ligature  the  auricular  vessels. 
Pour  the  blood  into  the  heart  until  it  is  dilated  under  a  pressure  equal  to  the  mean  arterial  pres- 
sure (150  mm.).  The  ventricles  are  in  the  dia- 
stolic phase,  the  aaricles  still  pulsate.  A  plaster 
cast  is  now  rapidly  made  of  the  ventricles.  This 
represents  the  diastolic  phase.  To  obtain  what 
may  be  regarded  as  the  systolic  phase,  a  heart, 
similarly  prepared  but  emptied  of  blood,  is  sud- 
denly pluuged  into  a  hot  (50°  C. )  saturated  solution 
of  potassic  bichromate,  when  tlie  heart  gives  one 
rapid  and  final  contraction  and  remains  per- 
manently contracted  owing  to  the  heat-rigor,  its 
Proteids  being  coagulated  (§  295).  This  is  the 
systolic  phase.  Little  pins  with  twisted  points  are 
previously  inserted  in  the  organ  to  mark  cer  tain 
parts  of  both  hearts  for  comparison.] 

[In  diastole,  the  shape  of  the  ventricle  is 
heniispheroidal,  the  apex  being  rounded, 
while  the  posterior  surface  is  flatter  than 
the  anterior  (fig.  51,  A).  In  the  plane  of  the 
ventricular  base,  the  greatest  diameter  is 
from  right  to  left,  and  the  shortest  from 
base  to  apex.  The  conus  arteriosus  is  above 
the  plane  of  the  base.  During  systole  the 
apex  is  more  pointed,  the  ventricle  more 
conical,  while  all  the  diameters  in  the  plane 
of  the  base  are  equally  diminished,  hence 
the  vertical  measurement  from  base  to  apex 
is  longer  now  than  either  of  the  diameters 
at  the  base  (fig.  51,  C).  The  conus  arteriosus 
sinks  towards  the  plane  of  the  base,  while  the 
base  of  the  ventricle  becomes  more  circular, 
so  that  the  difference  of  the  curvatures  of 
the  anterior  and  posterior  surfaces  vanishes 
(fig.  51,  B).  In  all  these  figures  the  shaded 
part  represents  diastole  and  the  clear  part 
systole.     The  most   remarkable   point  is 

that  the  vertical  measurement  remains  un-    ^  n  j-  '       ^    ^  , -,  s 

-,  ,      „-  .        „       V    ;T      1  c;        ,  •  1      -^i  uardiogram  of  the  apex-beat  (dog)  ; 

changed.  This  refers  to  the  left  ventricle,  ^,  intra-ventricular  pressure  taken  simul- 
which  of  course  forms  the  apex ;  the  right  taneously.  The  corresponding  parts  of 
is  shortened.  The  plane  of  the  ventricular  the  two  curves  are  indicated  by  letters,  -j 
base  in  systole  is  about  one-half  of  what  it  is  in  diastole,  as  is  shown  in  fig.  52. 


Fig.  51. 

A,  Projection  of  a  dog's  heart— posterior  surface  ;  B,  anterior  surface;  C,  left  lateral  surface. 
Thus  the  heart  is  diminished  in  all  its  diameters  except  one,  the  arterial  orifices  are 
scarcely  affected,  while  the  area  of  the  auriculo-ventricular  orifices  (M,  T)  is  dimi- 
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Projection  of  the  base  in 
systole  and  diastole ;  RV, 
light,  and  LV,  left  ven- 
tricle. 


A,  aorta  ;  PA,  pulmon- 
ary artery ;  M,  mitral, 
and  T  tricuspid  ori- 
fice. 


nished  about  one-half  (fig.  53).  This  is  most  important  m  connection  with  the  closure 
of  aie  auricnlo-yentricnlar  valves  ;  as  it  shows  that  the  muscular  fibres  o  the  heart 
by  drnünishing  these  orifices  during  systole,  greatly  aid  in  the  perfect  closure  of 
thes  valves.  Thus  we  explain  why  defective  nutrition  of  the  cardiac  musck  may 
iu«bti  vdivc  i  ^^.^^  ^.^^     incompetency  of  these 

valves,  without  the  valves  them- 
selves being  diseased  {Macalister).] 
[In  order  to  account  for  the 
vertical  diameter  remaining  un- 
changed, we  may  represent  the 
ventricular  fibres  as  consisting  of 
three  layers,  viz.,  an  inner  and 
outer  set,  more  or  less  longitudinal, 
and  a  middle  set,  circular.  Both 
sets  will  tend,  when  they  contract, 
to  diminish  the  cavity,  but  the 
shortening  of  the  longitudinal 
layers  is  compensated  for  by  the 
contraction,  i.e.,  the  elongation  produced  by  the  circular  set.] 

rin  order  to  obtain  the  shape  of  the  cavities,  dogs  were  taken  of  the  same  litter  and  as  nearly 
alike  aTpo'sible     On^^^^^  filled  with  blood,  as  already  described,  and  placed  m  a  cool 

lution^o" potakc  bichromate,  whereby  it  was  slowly  hardenedrn  ^^^l^^f^^^^^^^^^  '''' 
other  was  plunged  as  before  into  a  hot  solution.    Casts  were  then  made  of  the  cavities.] 

51  THE  TIME  OF  THE  CARDIAC  MOVEMENTS. -Methods. -The  time  occupied  by  the 
vaSus  of  the  heart  may  be  determined  by  studying  the  apex-beat 

'""Inf  we  know  at  what  rate  the  plate  on  which  the  curve  was  obtained  ™«^^f^;\X1he^  to 
periment,  of  course  all  that  is  necessary  is  to  measure  the  distance,  and  so  calculate  the  time 

''^tu^:Z:^:\!^Z^  !^  a  tumng-fork,  whose  rate  of  vibration  is  known,  to  wnte 
iti;  braSt;der  the  curve  of  the  apex-beat  (fig,  49,  2),  or  the  curve  -]^27TtTeZc^^^^^^^ 
attached  to  a  vibrating  tuning-fork  (fig.  47,  D,  E).    Such  a  curve       f  ^    /"^^^^^^^^^  Z 
the  vibrations  of  the  tuning-fork.    D  and  E  are  curves  obtained  f  om  the 
this  way  from  healthy  students.    In  D  the  notch  d  is  not  indicated     E^^^^^  '  ü  at  it     s  mplv 
of  the  tuning-fork,  reckoned  from  apex  to  apex  of  the     th70-01613  econd,  so  tha^^^^^^^ 
necessary  to  count  the  number  of  teeth  and  multiply  to  obtain  the  time.    The  values  obtamea 
vary  within  certain  limits  even  in  health. 

The  value  of  a  b  =  pause  +  contraction  of  the  auricles,  is  subject  to  the 
greatest  variation,  and  depends  chiefly  upon  the  number  of  heart-beats  per  imnute 
The  more  quickly  the  heart  beats,  the  shorter  _is_  the  pause,  '^^^^^.^^^^^^.^^  -J^^ 
some  curves,  even  when  the  heart  beats  slo^^dy  it  is  scarcely  possible  to  ^^^trngui  h 
the  auricula;  contraction  (indicated  by  a  rise)  from  the  part  of  the  curve  correspond- 
ing to  the  pause  (indicated  by  a  horizontal  line).  In  one  case  (heart-beats  o5  pei 
minute)  the  pause  =  0-4  second,  the  auricular  contraction  =  0-177  second.  In  fig 
47,  A,  the  time  occupied  by  the  pause  +  the  auricular  contraction  (74  beats  i  er 
minute)  =  0-5  second.  In  D,  a  &  =  19  to  20  vibrations  =  0-32  second;  m  E  = 
26  vibrations  =  0-42  second.  ,    ,     .     .       ,  ,  ^ 

The  ventricular  systole  is  calculated  from  the  beginning  of  the  contraction  ^to  ^, 
when  the  semi-lunar  valves  are  closed;  it  lasts  from  the  first  to  the  second  sound 
It  also  varies  somewhat,  but  is  more  constant.  Wheii  the  heart  beats  rapidly  it 
is  somewhat  shorter-during  slow  action  longer.  In  E  =  0-32  second  ;  m  D  =  0  29 
second;  with  55  beats  per  minute  Landois  found  it  =  0-34,  with  a  very  high  rate 
of  beating  =  0-199  second. 

When  the  ventricles  beat  feebly,  they  contract  more  slowly,  ^^^^^^^^i^^^^^^^^^^^^^^^ 
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hypertrophy  and  dilatation  of  the  left  ventricle,  the  duration  of  the  ventricular  systole  is  not 
longer  than  normal  {Landois). 

In  calculating  the  time  occupied  by  the  ventricular  systole  we  must  remember — (1)  The  time 


A 


Fig.  54. 

Curves  recorded  by  the  ventricle  of  a  rabbit  upon  a  vibrating  plate  attached  to  a  tuning-fork 
(vibration  =  0-01613  sec).    A,  soon  after  death  ;  B,  from  the  dying  ventricle. 


between  the  two  sounds^of  the  heart,  i.e.,  from  the  beginning  of  the  first  to  the  end  of  the  second 
sound  {b  to  e).  (2)  The  time  the  blood  flows  into  the  aorta,  which  comes  to  an  end  at  the  de- 
pression between  c  and  d  (in  fig.  47,  E).  Its  commencement,  however,  does  not  coincide  with 
b,  as  the  aortic  valves  open  0-085  to  0-073  second  after  the  begining  of  the  ventricular  systole. 
Hence  the  aortic  current  lasts  O'OS  to  0-09  second.  This  is  calculated  in  the  following,  way  :— 
The  time  between  the  first  sound  of  the  heart  and  the  pulse  in  the  axillary  artery  is  0-137 
second,  and  of  this  time  0-052  second  is  occupied  in  the  propagation  of  the  pulse- wave  along  the 
30  cm.  of  artery  lying  between  the  root  of  the  aorta  and  the  axilla.  Thus  the  pulse-wave  in 
the  aorta  occurs  0-137  minus  0-052  =  0-085  second  after  the  beginning  of  the  first  sound.  The 
current  in  the  pulmonary  artery  is  interrupted  in  the'depression  between  d  and  e.  (3)  Lastly, 
the  time  occupied  by  the  muscular  contraction  of  the  ventricle,  which  begins  at  b,  reaches  its 
greatest  extent  at  c,  and  is  completely  relaxed  at/.  The  apex  of  the  curve,  c,  may  be  higher  or 
lower  according  to  the  flexibility  of  the  intercostal  space,  hence  the  position  of  c  varies.  In 
hypertrophy  with  dilatation  of  the  left  ventricle,  the  duration  of  the  ventricular  contraction 
does  not  greatly  exceed  the  normal. 

The  time  which  elapses  between  d  and  e — i.e.,  between  the  complete  closure  of 
the  aortic  and  pulmonary  valves— is  greater  the  more  the  pressure  in  the  aorta 
exceeds  that  in  the  pulmonary  artery,  as  the  valves  are  closed  by  the  pressure 
from  above,  and  the  difference  in  time  may  be  0*05  second,  or  even  double  that 
time,  in  which  case  the  second  sound  appears  double  (compare  §  54).  If  the  aortic 
pressure  diminishes  while  that  in  the  pulmonary  artery  rises,  d  and  e  may  be  so 
near  each  other  that  they  are  no  longer  marked  as  distinct  elements  in  the  curve. 

The  time,  ef,  during  which  the  ventricles  relax  varies  somewhat :  O'l  second 
may  be  taken  as  a  mean. 

Accelerated  Cardiac  Action.— When  the  action  of  the  heart  is  greatly  accelerated,  the  pause 
is  considerably  shortened  in  the  first  instance  {Danders),  and  to  a  less  extent  the  time  of  con- 
traction of  the  auricles  and  ventricles.  When  the  pulse-rate  is  very  rapid,  the  systole  of  the 
atria  coincides  with  the  closure  of  the  arterial  valves  of  the  preceding  contraction,  as  is  shown 
in  fig.  47,  C  (dog).  ,       ,  , 

In  registering  the  cardiac  impulse,  the  apparatus  is  separated  by  a  greater  or  less  depth  of 
soft  parts  from  the  heart  itself,  so  that  in  all  cases  the  intercostal  tissues  do  not  follow  exactly 
the  movements  of  the  heart,  and  thus  the  curve  obtained  may  not  coincide  mathematically 
with  the  movements  of  the  heart.  It  is  desirable  that  curves  be  obtained  from  persons  whose 
hearts  are  exposed,  i.e.,  in  cases  of  ectopia  cordis  (fig.  49,  1). 

Cleft  Sternum. — Gibson  inscribed  cardiograms  from  the  heart  of  a  man  with  cleft  sternum. 
The  following  were  the  results  obtained:— Auricular  contraction  =  0-115  ;  ventricular  contraction 
(b,  (^)  =  0-028;  difference  between  closure  of  valves  {d,  e)  =  0-09;  ventricular  diastole  (e,/)  =  0-11  ; 
pause  =  0*45  second  (§48). 

Endocardial  Pressure. — In  large  mammals,  such  as  the  horse,  Chauveau  and 
Marey  (1861)  determined  the  duration  of  the  events  that  occur  within  the  heart, 
and  also  the  endocardial  pressure,  by  means  of  a  cardiac  sound  (fig.  56).  Small 
elastic  bags  attached  to  tubes  were  introduced  through  the  jugular  vein  into  the 
right  auricle  and  ventricle.  Each  of  these  tubes  was  connected  with  a  registering 
tambour  (fig.  55),  and  simultaneous  tracings  of  the  variations  of  pressure  within 
the  cavities  of  the  heart  were  obtained  by  causing  the  writing-points  of  the  levers 
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of  the  tambours  to  write  upon  a  revolving  cylinder.  [This  method  is  better 
adapted  for  showing  the  sequence  of  events  than  for  measuring  the  actual 
endocardial  pressure  during  the  several  phases  of  a  cardiac  cycle..] 


Fig.  55. 

A.  Marey's  registering  tambour.   T,  metallic  capsule,  with  thin  india-rubber  stretched  over  it  and 
bearincr  an  aluminium  disc,  which  acts  upon  the  writing  lever,  H.    By  means  of  a  thick- 
walled°  caoutchouc  tube,  it  may  be  connected  with  any  system  contaming  air,  so  as  to 
record  variations  of  pressure.    B.  Natural  size  of  the  tambour,  T. 
rMarey's  Cardiac  Sound.— The  sound  (fig.  56,  upper  fig.)  was  introduced  through  the  jugular 
vein  into  the  heart  until  the  elastic  ampulla  V,  covered  with  thin  india-rubber,  came  to  be  in 
^he  right  ventricle,  and  0  in  the  right  auricle.    The  niiddle  figure  shows  a  section  of  the  uPper 
one,  and  how  the  ampulla  V  was  connected  to  a  tambour  by  means  of  the  tube  TV,  and  the 
ball  O  to  another  similar  tambour  by  the  tube  TO.] 


The  upper  and  middle  diagrams  represent  Marey's  sound,  the  middle  figure  showing  a  section  of 
X  upper  o^e  The  lowest  (a)  is  a  simple  cardiac  sound.  The  bulbous  portion  is  covered 
lith  tS  india-rubber  stretched  over  an  open  metallic  framework  so  as  to  form  an  elastic 
bag  or  ampulla.    By  means  of  the  tube  {g)  it  can  be  introduced  into  cavity. 

Fig.  57,  A,  gives  the  result  obtained  when  one  elastic  bag  was  placed  ^j^^^^^^f  ^^^^^^^^ 
beinf  introduced  through  the  jugular  vein  and  supenor  vena  fj,^^;  f  , ^^^^^^^^ 
pushed  through  the  tricuspid  orifice  was  in  the  right  ventricle  ;  D,  in  the  root  ot  the  aorta,  pusnea 
n  through  the  carotid  ;  C,  pushed  past  the  semi-lunar  valves  into  the  left  ventricle  ;  while  at 
E  a  simikr  bag  has  been  placed  externally  between  the  heart's  apex  and  the  inner  wall  of  the 
chest!    In  an1=res.  =  auricular_contraction  ;  V,  that  of  the  ventricle  ;     closure  of  semi-lunar 

'  M:th:r-:(;)  ^h'e^^Si/s^u^ndTonsists  of  a  tube  containing  two  -P-te  air-passages  a^^^ 
in  connection  wth  each  of  these  there  is  a  small  elastic  bag  or  ampulla.  «^«.«J  the^^S«,^^ 
fixed  to  the  free  end  of  the  sound,  and  communicates  with  one  of  the  air-passages  (fig  56).  The 
other  bag  is  pkced  in  connection  ^ith  the  second  air-passage  in  the  sound,  and  at  such  a  distance 
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that  when  the  former  bag  lies  within  the  ventricle,  the  hitter  is  in  the  auricle.  Each  bag  and 
air  tube  cominunicating  with  it  is  connected  with  a  Marey's  tambour  (fig.  55),  provided\'ith 
a  lever  whicli  inscribes  its  movements  upon  a  revolving  cylinder.  Any  variation  of  pressure 
within  the  auricle  or  ventricle  will  affect  the  elastic  ampullee,  and  thus  raise  or  depress  the 
lever.  Care  must  be  taken  that  the  writing  points  of  the  levers  are  placed  exactly  above  each 
other.  A  tracing  of  the  cardiac  impulse  is  taken  simultaneously  by  means  of  a  cardiograph 
attached  to  a  separate  tambour. 

It  has  still  to  be  determined  whether  the  auricles  and  ventricles  act  alternately, 
so  that  at  the  moment  of  the  beginning  of  the  ventricular  contraction  the  auricles 


Right  Auricle. 


Right  Ventricle. 


Left  Ventricle. 


Aoi-ta. 


Cardiac  Impuls 


Fig.  57. 

Curves  obtained  from  the  heart  of  a  horse  by  the  cardiac  sound. 

relax,  or  whether  the  ventricles  are  contracted  while  the  auricles  still  remain  slightly 
contracted,  so  that  the  whole  heart  is  contracted  for  a  short  time  at  least.  The 
latter  view  was  supported  by  Harvey,  Bonders,  and  others,  while  Kaller  and  many 
of  the  more  recent  observers  support  the  view  that  the  action  of  the  auricles  and 
ventricles  alternates.  In  the  case  of  Frau  Serafin,  whose  heart  was  exposed, 
V  Ziemssen  obtained  curves  from  the  auricles,  which  showed  that  the  contraction 
of  the  auricles  continued  even  after  the  commencement  of  the  ventricular  systole. 
Ill  Marey's  curve  the  contraction  of  the  ventricle  is  represented  as  following  that 
of  the  auricle  (fig.  57). 

(2)  [The  pressure  within  the  heart  has  also  been  measured  by  means  of  the 
maximum  and  minimum  manometer  (p.  68).    In  the  dog  the  maximum  positive 


gQ  PATHOLOGICAL  CARDIAC  IMPULSES.  [SeC.  5L 

pressure  in  the  left  ventricle  is  during  systole  greater  than  that  in  the  aorta,  and 
LTieach  140  mm.  Hg-that  in  the  right  ventricle  60  nnn.,  and  the  nght  ajc  e 
about  20  mm.  Hg.  The  minimum  manometer,  however,  durmg  the  diastole  of  the 
v^ricle^^^^^^  a  negative  pressure  of  -52  to  -  20  mm.  Hg  m  the  left  and 
-  16  mm.  in  the  right  ventricle,  and  -  7  mm.  in  the  right  auricle. 

Even  after  the  chest  is  opened,  the  negative  pressure  m  the  left  ventricle  may 
fall  as  low  as  -  25  mm.  Hg.] 

U^)  Methodof  RoUeston  and  Roy. -These  observers  used  a  special  apparatus  which  was  coll- 
ie elSdwftht  he^^^^         of  the  heartfand  they  find  that  there  is  no  distinct  rise  of  pessure  in  he 
dog  within  the  ventricles  corresponding  to  the  auriculai-  «y^^ole  such  as  was  o^^^^^^^^ 
in  thp  horse     Durino-  the  ventricular  diastole  in  certain  cases  the  pi essure  tails  belo\y  ine 
a  moLheifc  p  may  be  equal  to  -  20  mm.  mercury  or  more  m  the  left  ventricle 

atmosphere  pleasure  y        4  ^^^^^.^  expansion  of  the  ventricle  continuing  after  the 

Wood  in  th  aSe  at\he  moment  of  the  cessation  of  the  ventricular  systole  has  entered  he 
ver.trick-i  .  thTqua  of  blood  in  the  auricle  is  not  sufficient  m  all  cases  to  distend  the 
M  ventrici;  to  the^point  It  which  its  suction  action  ceases.  Magini  operating  on  dogs  with 
i  Lpar  wl  Lh  p  the  cavities  of  the  heart,  found  none  of  the  secondary  elevations 

^bSd  trMairy  w[th  his  sound.    There  is  considerable  difficulty  in  interpreting  the  curves 

'^f  F^k^rtfrds^the  alternating  contraction  as  a  means  whereby  the  pressure  the  lai-ge 
vpnous  trunks  is  kept  nearly  constant.  At  the  moment  of  ventricu  ar  systole  the  auricles 
X  an7the  veno3  flows  freely  into  the  latter,  while  if  the  auricles  remained  contracted 
^he  blood  in  the  veins  would  be  kept  back.  Further,  at  the  moment  of  ventricular  diastole 
the  auricks  contr^^^^^^^^  that  there  ii  not  an  abnormal  diminution  of  the  pressure  in  the  veins 
Thus  A^e  pre^^^^^^^^^  in  the  auricle  is  more  equable,  while  the  current  m  the  termmal  parts  of  the 
veins  is  kept  more  constant. 

52  PATHOLOGICAL  CARDIAC  IMPULSES. -Change  in  the  Position  of  the  Apex-Beat.- 

*  1  V^O^o^l^t  V  to  üie  left  Th  c^^^^^  of  the  muscular  walls  with  dilatation  of  the  cavities 
'"it  cSac  impulse  is  abnormally  weakened  iu  cases  of  at.ophy  a.d  degene-tion  „^^^ 
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cardiac  impulse  {Skoda).  During  the  diastole,  a  diastolic  cardiac  impulse  of  the  corresponding 
part  of  the  chest-wall  may  be  said  to  occur. 

Clinically,  changes  in  the  cardiac  impulse  are  best  ascertained  by  taking  graphic  representa- 
tions of  the  cardiac  impulse,  and  studying  the  curves  so  obtained  (fig.  58). 

In  curve  P  (much  reduced),  from  a  case  of  marked  hypertrophy  with  dilatation,  the  ven- 
tricular contraction,  he,  is  usually  very  great,  while  the  time  occupied  by  the  contraction  is  not 
much  increased.  P  and  Q  were  obtained  from  a  case  of  marked  eccentric  hypertrophy  of  the 
left  ventricle,  due  to  insufficiency  of  the  aortic  valves.  Curve  Q  was  taken  intentionally  over 
the  auriculo- ventricular  groove,  where  retraction  of  the  chest-wall  occurred  during  systole  ; 
nevertheless  the  individual  events  occurring  in  the  heart  are  indicated. 

Fig.  E  is  from  a  case  of  aortic  stenosis.  The  auricular  contraction  {ah)  lasts  only'/a  short 
time  ;  the  ventricular  systole  is  obviously  lengthened,  and  after  a  short  elevation  {he)  shows  a 
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Curves  of  the  cardiac  impulse,  ah,  contraction  of  auricles  ;  he,  ventricular  systole  ;  d,  closure 
of  aortic,  and  e,  of  pulmonary  valves  ;  ef,  diastole  of  ventricle  ;  P,  Q.  hypertrophy  and 
dilatation  of  the  left  ventricle  ;  E,  stenosis  of  the  aortic  orifice  ;  F,  mitral  insufficiency  ; 
G,  mitral  stenosis  ;  L,  nervous  palpitation  in  Basedow's  disease  ;  M,  so-called  hemisystole. 

series  of  fine  indentations  (c,  e)  caused  by  the  blood  being  pressed  through  the  narrowed  and 
roughened  aorta. 

Fig.  F,  from  a  case  of  insufficiency  of  the  mitral  valve,  shows  {ah)  well  marked  on  account 
of  the  increased  activity  of  the  left  auricle,  while  the  shock  {d)  from  the  closure  of  the  aortic 
valves  is  small,  on  account  of  the  diminished  arterial  tension.  On  the  other  hand,  the  shock 
from  the  accentuated  pulmonary  sound  {&)  is  very  great,  and  is  in  the  apex  of  the  curve.  On 
account  of  the  great  tension  in  the  pulmonary  artery,  the  second  pulmonary  tone  may  be  so 
strong,  and  succeed  the  second  aortic  sound  {d)  so  rapidly,  that  both  almost  merge  completely 
into  each  other  (H  and  K). 

The  curve  of  stenosis  of  the  mitral  orifice  (G)  shows  a  long,  irregular,  notched,  auricular 
contraction  {ah),  caused  by  the  blood  being  forced  through  an  irregular  narrow  orifice.    The  ven- 
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tricular  contraction  ilc)  is  feeble  because  the  ventricle  is  imperfectly  filled.  The  closures  of  the 
two  valves,  d  and  e,  are  relatively  far  apart,  and  one  can  hear  distinctly  a  reduplicated  second 
sound.  The  aortic  valves  close  rapidly,  because  the  aorta  is  imperfectly  supplied  with  blood, 
while  the  more  copious  inflow  of  blood  into  the  pulmonary  artery  causes  its  valves  to  close 

"the  heart  beats  rapidly  and  feebly—  if  the  blood-pressure  in  the  aorta  and  pulmonary 
artery  be  low,  the  signs  of  closure  of  the  pulmonary  valves  maybe  absent -as  m  curve  L— 
taken  from  a  girl  suffering  from  nervous  palpitation  and  morbus  Basedowii.  ^  ^ 

In  very  rare  cases  of  insufficiency  of  the  mitral  valve,  it  has  been  observed  that  at  certain 
times  both  ventricles  contract  simultaneously,  as  in  a  normal  heart,  but  that  this  alternates 
with  a  condition  where  the  right  ventricle  alone  seems  to  contract.  Curve  M  is  such  a  curve 
obtained  by  Malbranc,  who  called  this  condition  intermittent  hemisystole  The  first  curve 
(I  )  is  like  a  normal  curve,  during  which  the  whole  heart  acted  as  usual.  The  curve  II.,  how- 
ever is  caused  by  the  right  side  of  the  heart  alone  ;  it  wants  the  closure  of  the  aortic  valves  d, 
and  there  was  no  pulse  in  the  arteries.  Owing  to  insufficiency  of  the  tricuspid  valve,  the  same 
person  had  a  venous  pulse  with  every  cardiac  impulse,  so  that  the  arterial  and  venous  pulses 
first  occurred  together  and  then  the  venous  pulse  alone  occurred.  In  these  cases  the  mitral 
insufficiency  leads  to  the  right  ventricle  being  over-distended,  while  the  left  is  nearly  empty  so 
that  the  right  side  requires  to  contract  more  energetically  than  the  left.  It  does  not  seem  that 
the  right  ventricle  alone  contracts  in  these  cases,  but  rather  that  the  action  of  the  left  side  is 
very  feeble. 

53.  THE  HEART-SOUNDS.— On  listening  over  the  region  of  the  heart  in  a 
healthy  man,  either  with  the  ear  applied  directly  to  the  chest-wall  {Harvey),  or  by 
means  of  a  stethoscope  (Laennec,  1819),  we  hear  two  characteristic  sounds,  the 
so-called  "heart-sounds."  The  two  sounds  are  called  first  and  second,  and 
together  they  correspond  to  a  single  cardiac  cycle.  These  sounds  are  separated  by 
silences.  [Fig.  59  shows  the  relation  of  the  events  occurring  in  the  heart  during 
a  cardiac  cycle  to  the  sounds  and  silences.] 

1.  The  first  sound. 

2.  The  first  or  short  silence. 

3.  The  second  sound. 

4.  The  second  or  long  silence. 

[Relative  Duration. — There  is  no  absolute  duration  of  each  phase  of  a  cardiac 
cycle,  but  we  may  take  the  average  relative  duration  calculated  from  the  measure- 
.  nients  of  Gibson,  in  a  case  of  fissure  of  the  sternum,  to  be  as  follows :— 

—  Auricular  systole,     .       .       •       .     •112  sec. 

Ventricular  systole,         .       .       •      '368  ,, 
Ventricular  diastole,        .       .       •  "578 

Cardiac  cycle,    ....    1  '058  sec. 

Suppose  we  divide  the  cycle  into  tenths  (Walshe), 
then  'the  first  sound  will  last  ^V,  the  first  silence  ^q,  the 
second  sound  ^%  and  the  long  silence  of  the  entire 
period.]  . 

The  first  sound  [long  or  systolic]  is  twice  as  long  as, 
Fig  59  somewhat  duller,  and  one-third  or  one-fourth  deeper,  than 

the  second  sound;  it  is  less   sharply  defined  at  first, 
Scheme  of  a  cardjac  eye  e.  synchronous  with  the  systole  of  the  ventricles. 


^^JZ:r^t^  ^'=  [short   or   diastolic^   is  clearer, 

the  heart,  and  the  sharper,  shorter,  more  sudden,  and  is  one-third  to  one- 
outer,  the  relation  of  fourth  higher  in  pitch;  it  is  sharply  defined  and  syn- 
the  sounds  and  silences  ^j^^.^^^^^  ^^^-^/i  the  closure  of  the  semi-lunar  valves.  It 
to  these  events.  ^^^^^^  ^^^^  beginning  of  ventricular  diastole.    The.  sounds 

emitted  during  each  cardiac  cycle  have  been  compared  to  the  pronunciation  of 
the  syllables  lülh,  düpp.     [If  one  hstens  over  the  apex  one  hears  the  sounds  like 
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hipp,  dupp ;  where  the  accent  is  on  the  first  sound,  but  at  tlie  base,  it  is  on  the 
second  sound,  and  is  like  lupp,  thlpp.]    Or  the  result  may  be  expressed  thus  : — 


Btc     -     tüp.  Bu     -  tup. 


[It  is  to  be  remembered  that  in  reality  four  sounds  are  produced  in  the  heart, 
but  the  two  first  sounds  occur  together  and  the  two  second,  so  that  only  a  single 
first  and  a  single  second  sound  are  heard.] 

The  causes  of  the  first  sound  are  due  to  two  conditions.  As  the  sound  is 
heard,  although  enfeebled,  in  an  excised  heart  in  which  the  movements  of  the 
valves  are  arrested,  and  also  when  the  finger  is  introduced  into  the  auriculo- 
ventricular  orifices  so  as  to  prevent  the  closure  of  the  valves  {O.  Ludwig  and 
Dogiel),  one  of  the  factors  lies  in  the  ^'■muscle  soimd'^  produced  by  the  contracting 
muscular  fibres  of  the  ventricles.  This  sound  is  supported  and  increased  by  the 
sound  produced  by  the  tension  and  vibration  of  the  auriculo-ventricular  valves 
and  their  chordse  tendinese,  at  the  moment  of  the  ventricular  systole.  Wintrich, 
by  means  of  proper  resonators,  has  analysed  the  first  sound  and  distinguished  the 
clear,  short,  valvular  part  from  the  deep,  long,  muscular  sound. 

[Krehl  has  made  additional  experiments  to  show  that  the  first  sound  is  parti}'  muscular. 
An  apparatus  was  devised  whereby,  while  the  heart  was  still  Avithin  the  body  and  the  circula- 
tion going  on,  modifications  of  the  first  sound  were  obtained  when  the  auriculo-ventricular 
valves  were  held  apart.  Again,  when  a  dog  is  bled  from  the  carotids,  as  soon  as  a  considerable 
amount  of  blood  is  removed,  the  second  sound  is  no  longer  heard,  while  the  first  sound  lasts 
for  some  time  longer  and  is  even  fairly  loud.  It  is  also  said  that  the  auricles  produce  a  sound 
during  their  contraction.  Kasem-Beck  has  also  recently  confirmed  Dogiel's  previous  statements 
and  supported  them  by  new  experiments.] 

The  muscle-sound  produced  by  transversely-striped  muscle  does  not  occur  with  a  simple  con- 
traction (p.  99),  but  only  when  several  contractions  are  superposed  to  produce  tetanus  (§  303). 
The  ventricular  contraction  is  only  a  simple  contraction,  but  it  lasts  considerably  longer  than 
the  contraction  of  other  muscles,  and  herein  lies  the  cause  of  the  occurrence  of  the  muscle-sound 
during  the  ventricular  contraction. 

Defective  Heart-Sounds. — In  certain  conditions  (typhus,  fatty  degeneration  of  the  heart), 
where  the  muscular  substance  of  the  heart  is  much  weakened,  the  first  sound  may  be  completely 
inaudible.  In  aortic  insufficiency,  in  consequence  of  the  reflux  of  blood  from  the  aorta  into 
the  ventricle,  the  mitral  valve  is  gradually  stretched,  and  sometimes  even  before  the  beginning 
of  the  ventricular  systole,  the  first  sound  may  be  absent.  Such  pathological  conditions  seem 
to  show  that,  for  the  production  of  the  first  sound,  muscle-sound  and  valve-sound  must 
eventually  work  together,  and  that  the  tone  is  altered,  or  may  even  disappear,  when  one  of 
these  causes  is  absent.    [Yeo  and  Barrett  state  that  the  sound  is  purely  muscular  (?).] 

The  cause  of  the  second  sound  is  undoubtedly  due  to  the  prompt  closure,  and 
therefore  sudden  stretching  or  tension,  of  the  semidunar  valves  of  the  aorta  and 
pulmonary  artery,  so  that  it  is  purely  a  valvular  sound.  Perhaps  it  is  augmented  by 
the  sudden  vibration  of  the  fluid-particles  in  the  large  arterial  trunks.  [The  second 
sound  has  all  the  characters  of  a  valvular  sound.  That  the  aortic  valves  are  con- 
cerned in  its  production  was  proved  by  Hope,  who  introduced  a  curved  wire  through 
the  left  carotid  artery  and  hooked  up  one  or  more  segments  of  the  valve,  when  the 
sound  was  modified.  It  may  even  disappear  or  be  replaced  by  an  abnormal  sound 
or  "murmur."  Again,  when  these  valves  are  diseased,  the  sound  is  altered,  and 
it  may  be  accompanied  or  even  displaced  by  murmurs.]  Although  the  aortic  and 
pulmonary  valves  do  not  close  simultaneously,  usually  the  difference  in  time  is 
so  small  that  both  valves  make  one  sound,  but  the  second  sound  may  be  double 
or  divided  when,  through  increase  of  the  difference  of  pressure  in  the  aorta  and 
pulmonary  artery,  the  interval  becomes  longer.  Even  in  health  this  may  be  the 
case,  as  occurs  at  the  end  of  inspiration  or  the  beginning  of  expiration  {v.  Dusch). 
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Where  the  Sounds  are  Heard  Loudest. — [Clinicians,  for  convenience,  in 
describing  the  cardiac  sounds  as  heard  on  auscultation  speak  of  four  areas,  viz.  : 
the  mitral  area,  a  circular  area  about  2  inches  in  diameter,  with  the  apex  as  a 
centre;  the  tricuspid  area,  from  the  third  to  the  fifth  interspaces  on  the  left  side, 
and  the  adjoining  part  of  the  sternum;  the  aortic  arm,  second  right  interspace 
near  the  sternum,  or  the  inner  end  of  the  second  costal  cartilage ;  the  pulmonary 
area,  the  inner  end  of  the  second  left  intercostal  space.  The  first  sound  is  heard 
best  at  the  apex,  and  much  fainter  at  the  base.  The  second  sound  is  heard  best 
over  the  base.]  The  sound  produced  by  the  tricuspid  valve  is  heard  loudest  at 
the  junction  of  the  lower  right  costal  cartilages  with  the  sternum;  as  the  mitral 
valve  lies  more  to  the  left  and  deeper  in  the  chest,  and  is  covered  in  front  by  the 
arterial  orifice,  the  mitral  sound  is  best  heard  at  the  apex-beat,  or  immediately 
above  it,  where  a  strip  of  the  left  ventricle  lies  next  the  chest- wall.  [The  sound 
is  conducted  to  the  part  nearest  the  ear  of  the  listener  by  the  muscular  substance 
of  the  heart.]  The  aortic  and  pulmonary  orifices  He  so  close  together  that  it  is 
convenient  to  listen  for  the  second  (aortic)  sound  in  the  direction  of  the  aorta, 
where  it  comes  nearest  to  the  surface,  i.e.,  over  the  second  right  costal  cartilage  or 
aortic  cartilage  close  to  its  junction  with  the  sternum.  The  sound,  although 
produced  at  the  semi-lunar  valves,  is  carried  upwards  by  the  column  of  blood, 
and  by  the  walls  of  the  aorta.  The  sound  produced  by  the  pulmonary  artery  is 
heard  most  distinctly  over  the  end  of  the  second  right  intercostal  space,  or  the 
third  left  costal  cartilage,  somewhat  to  the  left  and  external  to  the  margin  of  the 
sternum  (fig.  60). 

[It  is  important  to  remember  that  the  position  of  the  cardiac  valves  is  one  thmg, 
and  the  situation  where  the  heart-sounds  are  heard  loudest  is  another.  The 
following  indicates  the  topographical  arrangement  of  the  orifices : — 

Aortic  orifice. — At  the  sternum  adjoining  the  third  left  cartilage  and  space. 
Pidmonary  o?'z/ice.— Second  left  space  and  sternum  adjoining. 
Mitral  orifice. — Left  half  of  sternum  from  fourth  to  fifth  cartilage. 
Tricuspid  on^c^-.— Right  half  of  sternum  from  fourth  to  sixth  cartilage. 

The  aortic  and  mitral  orifices  are  deeply  situated  in  the  chest,  while  the 
pulmonary  and  tricuspid  orifices  are  comparatively  superficial] 

[Events  occurring  in  the  heart  duringthe  sounds.— Coincident  with  thefirst  sound 
the  following  events  are  taking  place  within  the  heart : — (1)  Contraction  of  both  ven- 
tricles, (2)  firmer  closure  and  stretching  of  the  auriculo-ventricular  valves,  (3)  pro- 
pulsion and  rushing  of  blood  into  the  aorta  and  pulmonary  artery,  (4)  the  impulse 
of  the  heart  against  the  chest-wall,  (5)  the  gradual  filling  of  the  auricles  with  blood. 
Coincident  with  the  second  sound  are — (1)  the  closure  and  stretching  of  the  semi- 
lunar valves  of  the  aorta  and  pulmonary  artery,  (2)  relaxation  of  the  contracted 
ventricles,  (3)  opening  of  the  auriculo-ventricular  valves  and  flow  of  some  blood 
from  the  auricles  into  the  ventricles,  (4)  diminished  pressure  of  the  apex  against 
the  chest- wall.  During  the  long  pause:— (1)  The  auricles  are  being  filled,  and 
blood  flows  freely  from  them  into  the  dilated  ventricles,  (2)  contraction  of  the 
auricles  to  fill  the  ventricles  with  blood.]  During  the  short  silence,  which  is  very 
short,  the  ventricles  are  contracting,  and  are  near  their  maximum  of  shortening. 

54,  VARIATIONS  OF  THE  HEART-SOUNDS.— Increase  of  the  first  sound  of  both  ventricles 
indicates  a  more  energetic  contraction  of  the  ventricles  and  a  simultaneously  greater  and  more 
sudden  tension  of  the  auriculo-ventricular  valves.  Increase  of  the  second  sound  is  a  sign  of 
increased  tension  in  the  interior  of  the  corresiionding  large  arteries.  Hence  increase  of  the 
second  (pulmonary)  sound  indicates  overfilling  and  excessive  tension  in  the  pulmonary  circuit. 
A  feeble  action  of  the  heart,  as  well  as  abnormal  want  of  blood  in  the  heart,  causes  weak 
heart-sounds,  which  is  the  case  in  degenerations  of  the  heart-muscle. 

Irregularities  in  structure  of  the  individual  valves  may  cause  the  heart-sounds  to  become 
"  impure."    If  a  pathological  cavity,  filled  with  air,  be  so  placed,  and  of  such  a  form  as  to  act 
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as  a  resonator  to  the  heart-sounds,  they  may  assume  a  "metallic"  character.  The  first  and 
second  vsound  may  be  "reduplicated"  or  [although  "duplication"  is  a  more  accurate  term 
(Barr)]  doubled.  The  reduplication  of  the  first  sound  is  explained  by  the  tension  of  the 
tricuspid  and  that  of  the  mitral  valves  not  occurring  simultaneously.    Sometimes  in  disease  a 


The  heart — its  several  parts  and  great  vessels  in  relation  to  the  front  of  the  thorax.  The  lungs 
are  collapsed  to  their  normal  extent,  as  after  death,  exposing  the  heart.  The  outlines  of 
the  several  parts  of  the  heart  are  indicated  by  very  fine  dotted  lines.  The  area  of  pro- 
pagation of  valvular  murmurs  is  marked  out  by  more  visible  dotted  lines.  A,  the  circle 
of  mitral  murmur,  corresponds  to  the  left  apex.  The  broad  and  somewhat  diffused  area, 
roughly  triangular,  is  the  region  of  tricuspid  murmurs,  and  corresponds^  generally  with 
the  right  ventricle,  where  it  is  least  covered  by  lung.  The  letter  C  is  in  its  centre.  The 
circumscribed  circular  area,  D,  is  the  part  over  which  the  pulmonic  arterial  murmurs 
are  commonly  heard  loudest.  In  many  cases  it  is  an  inch,  or  even  more,  lower  down, 
corresponding  to  the  conus  arteriosus  of  the  right  ventricle,  where  it  touches  the  wall  of 
the  thorax.  The  internal  organs  and  parts  of  organs  are  indicated  by  letters  as  follows  : — 
r.au,  right  auricle,  traced  in  fine  dotting  ;  ao,  arch  of  aorta,  seen  in  the  first  intercostal 
space,  and  traced  in  fine  dotting  on  the  sternum  ;  v.i.,  the  two  innominate  veins  ;  r.v, 
right  ventricle  ;  I.V.,  left  ventricle. 

sound  is  produced  by  a  hypertrophied  auricle  producing  an  audible  presystolic  sound,  i.e.,  a 
sound  or  "murmur"  preceding  the  first  sound.  [This  has  been  questioned  quite  recently,] 
As  the  aortic  and  pulmonary  valves  do  not  close  quite  simultaneously,  a  reduplicated  second  sound 
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is  only  an  increase  of  a  physiological  condition.  All  coiiditions  which  cause  the  aortic  valves 
to  close  rapidlv  (diminished  amount  of  blood  in  the  left  ventricle)  and  the  pulmonary  valves  to 
close  later  (congestion  of  the  right  ventricle— both  conditions  together  in  mitral  stenosis), 
favour  the  production  of  a  reduplicated  second  sound. 

Cardiac  Murmurs, — If  irregularities  occur  in  the  valves,  either  in  cases  of  stenosis  or  in 
insufficiency,  so  that  the  blood  is  subjected  to  vibratory  oscillations  and  friction,  then,  instead 
of  the  heart-sounds,  other  sounds— murmurs  or  bruits— arise  or  accompany  these.  A  combina- 
tion of  these  sounds  is  always  accompanied  by  disturbances  of  the  circulation.  [These  murmurs 
may  be  produced  within  the  heart,  when  they  are  termed  endocardial ;  or  outside  it,  when  they 
are  called  exocardial  murmurs.  But  other  murmurs  are  due  to  changes  in  the  quality  or 
amount  of  the  blood,  when  they  are  spoken  of  as  hsemic  murmurs.  In  the  study  of  all  murmurs, 
note  their  rhythm  or  exact  relation  to  the  normal  sounds,  their  point  of  maximum  intensity,  and 
the  direction  in  ivhich  the  murmur  is  propagated.']  It  is  rare  that  tumours  or  other  deposits 
projecting  into  the  ventricles  cause  murmurs,  unless  there  be  present  at  the  same  time  lesions 
of  the  valves  and  disturbances  of  the  circulation.  The  cardiac  murmurs  are  always  related  to 
the  systole  or  diastole,  and  usually  the  systolic  are  more  accentuated  and  louder.  Sometimes 
they  are  so  loud  that  the  thorax  trembles  under  their  irregular  oscillations  {fremitus,  fremisse- 
ment  cataire). 

In  cases  where  diastolic  murmurs  are  heard,  there  are  always  anatomical  changes  in  the  cardiac 
mechanism.  These  are  insufficiency  of  the  arterial  valves,  or  stenosis  of  the  auriculo-ventricular 
orifice  (usually  the  left).  Systolic  murmurs  do  not  always  necessitate  a  disturbance  in_  the 
cardiac  mechanism.  They  may  occur  on  the  left  side,  owing  to  insufficiency  of  the  mitral 
valve,  stenosis  of  the  aorta,  and  in  cases  of  calcification  and  dilatation  of  the  ascending  part  of 
the  aorta.  These  murmurs  occur  very  much  less  frequently  on  the  right  side,  and  are  due  to 
insufficiency  of  the  tricuspid  and  stenosis  of  the  pulmonary  orifice. 

Functional  Murmurs.— Systolic  murmurs  often  occur  without  any  valvular  lesion,  although 
they  are  always  less  loud,  and  are  caused  by  abnormal  vibrations  of  the  valves  or  arterial  walls. 
They  occur  most  frequently  at  the  orifice  of  the  pulmonary  artery  [and  are  generally  heard  at 
the  base],  less  frequently  at  the  mitral,  and  still  less  frequently  at  the  aortic  or  the  tricuspid 
orifice.  Ansemia,  general  malnutrition,  acute  febrile  aflections,  are  the  causes  of  these  murmurs. 
[Some  of  these  are  due  to  an  altered  condition  of  the  blood,  and  are  called  hsemic,  and  others 
to  defective  cardiac  muscular  nutrition,  and  are  called  dynamic  ( TFalshe).] 

Sounds  may  also  occur  during  a  certain  stage  of  inflammation  of  the  pericardium  (pericarditis) 
from  the  roughened  surfaces  of  this  membrane  rubbing  upon  each  other.  Audible  friction 
sounds  are  thus  produced,  and  the  vibration  may  even  be  perceptible  to  touch.  [These  are 
"friction  sounds,"  and  quite  distinct  i;rom  sounds  produced  within  the  heart  itself.] 

55.  PERSISTENCE  OF  THE  MOVEMENTS  OF  THE  HEART.— The  heart 
continues  to  beat  for  some  time  after  it  is  cut  out  of  the  body.    The  movement 

lasts  longer  in  cold-blooded  animals  (frog, 
turtle) — extending  even  to  days — than  in 
mammals.  A  rabbit's  heart  beats  from  3 
minutes  up  to  36  minutes  after  it  is  cut 
out  of  the  iDody.  The  average  of  many  ex- 
periments is  about  1 1  minutes.  [Waller 
and  Reid  recorded  the  ventricular  contrac- 
tions of  a  rabbit's  heart  72  minutes  after 
its  excision.  Fig.  61  shows  the  prolonga- 
tion of  the  ventricular  systole  in  an  ex- 
cised rabbit's  heart,  the  movements  being 
recorded  by  a  lever  resting  on  the  heart.] 
Panum  found  the  last  trace  of  contraction 
Curves  of  excised  rabbit's  heart— 1,  6  mins.  to  occur  in  the  right  auricle  (rabbit)  15 
after  excision  ;  2,  10  mins.;  3,  20  mins.;  4,  i^q^j.^  after  death;  in  a  mouse's  heart,  46 
70  mins.  (after  W aller  and  Reid).  j^^^^^^  .       ^  ^^^^^  ^^^^^^^ 

frog's  heart  beats,  at  the  longest,  21  days  ( Valentin).  In  a  human  embryo  (third 
month)  the  heart  was  found  beating  after  4  hours.  In  this  condition  stimulation 
causes  an  increase  and  acceleration  of  the  action.  The  ventricular  contraction 
weakens,  and  soon  each  auricular  contraction  is  not  followed  by  a  ventricular  con- 
traction, two  or  more  of  the  former  being  succeeded  by  only  one  of  the  latter.  At 
the  same  tijne  the  ventricles  contract  more  slowly  (fig.  61),  and  soon  stop  altogether, 
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while  the  auricles  continue  to  beat.  If  the  ventricles  be  stimulated  directly,  as 
by  pricking  them  with  a  pin,  they  may  execute  a  contraction.  The  left  auricle 
soon  ceases  to  beat,  while  the  right  auricle  still  continues  to  contract.  The  right 
auricular  appendix  continues  to  beat  longest,  as  was  observed  by  Galen  and  Car- 
danus  (1550),  and  it  is  termed  "ultimum  moriens."  Similar  observations  have 
been  made  upon  the  hearts  of  persons  who  have  been  executed. 

If  the  heart  has  ceased  to  beat,  it  may  be  excited  to  contract  for  a  short  time  by 
direct  stimulation,  more  especially  by  heat  {Harvey) ;  even  under  these  circum- 
stances the  auricles  and  their  appendices  are  the  last  parts  to  cease  contracting. 
As  a  general  rule,  direct  stimulation,  although  it  may  cause  the  heart  to  act  more 
vigorously  for  a  short  time,  brings  it  to  rest  sooner.  In  such  cases,  therefore,  the 
regular  sequence  of  events  ceases,  and  there  is  usually  a  twitching  movement  of  the 
muscular  fibres  of  the  heart.  C.  Ludwig  found  that,  even  after  the  excitability  is 
extinguished  in  the  mammalian  heart,  it  may  be  restored  by  injecting  arterial  blood 
into  the  coronary  arteries :  conversely,  lesion  of  these  vessels  is  followed  by 
enfeebled  action  of  the  heart  (§  47).  Hammer  found  that  in  a  man,  whose  left 
coronary  artery  was  plugged,  the  pulse  fell  from  80  to  8  beats  per  minute. 

[The  beats  of  the  excised  heart  of  a  rabbit  gradually  decline  in  force  and  frequency,  the 
latent  period  and  contraction  become  longer,  and  the  excitabiUty  more  obtuse.  The  duration  of 
a  contraction  may  be  '6  sec,  the  normal  being  "3  sec.  The  beats  have  often  a  bigeminal 
character.  An  excised  heart  may  be  frozen  quite  hard,  yet  on  being  thawed_  it  contracts 
spontaneously.  The  contraction  proceeds  in  a  wave  from  the  spot  stimulated  in  the  frog's 
heart,  at  8°  to  12°  C.  at  30  to  90  mm.  per  sec. ;  in  the  mammahan  excised  heart  about  8  metres 
per  sec.  (  Waller  and  Eeid).] 

Action  of  Gases  on  the  Heart— During  its  activity  the  heart  uses  0,  and  produces  CO2  so 
that  it  beats  longest  in  pure  0(12  hours),  and  not  so  long  in  N,— H  (1  hour)— CO.^  (10  minutes) 
—CO  (42  minutes)— CI  (2  minutes),  or  in  a  vacuum  (20  to  30  minutes),  even  \\rhen  there  is 
watery  vapour  present  to  prevent  evaporation.  If  the  heart  be  reintroduced  into  0  it  begins  to 
beat  again.  [Gases  seem  to  have  the  same  effect  in  the  chick's  heart  on  the  second  and  third 
days  of  incubation  as  in  the  adult  heart  {Fano).  A  frog's  heart  ceases  to  beat  in  compressed  0 
(10  to  12  atmospheres)  in  about  one-third  of  the  time  it  would  do  were  it  simply  excised  and 
left  to  itself.  An  excised  heart  suspended  in  ordinary  air  beats  three  to  four  times  as  long  as  a 
heart  which  is  placed  upon  a  glass-plate.] 

[56.  PHYSICAL  EXAMINATION  OF  THE  HEART.  -The  physical 
methods  of  diagnosis  enable  us  to  obtain  precise  knoMdedge  regarding  the  actual 
stats  of  the  heart.    The  methods  available  are  : — 

1.  Inspection.  3.  Percussion. 

2.  Palpation.  4.  Auscultation. 

To  arrive  at  a  correct  diagnosis  all  the  methods  imist  be  employed.] 

[Inspection.— The  person  is  supposed  to  have  his  chest  exposed  and  to  be  in  the  recumbent 
position.  It  is  important  to  remember  the  limits  of  the  heart.  The  base  corresponds  to  a  hne 
joining  the  upper  margins  of  the  third  costal  cartilages,  the  apex  to  the  fifth  interspace,  while 
transversely  it  extends  from  a  httle  to  the  right  of  the  sternimi  to  within  a  little  of  the  left 
nipple  ;  this  area  occupied  by  the  heart  being  called  the  deep  cardiac  region  (fig.  62).  By  the 
eye  we  can  detect  any  alteration  in  the  configuration  of  the  praecordia,  bulging  or  retraction  of 
the  region  as  a  whole  or  of  the  intercostal  spaces,  and  we  may  detect  variations  in  the  position, 
character,  extent  of  the  cardiac  impulse,  or  the  presence  of  other  visible  pulsations.] 

[Palpation.— By  placing  the  whole  hand  flat  upon  the  prsecordia,  we  can  ascertain  the 
presence  or  absence,  the  situation  and  extent,  and  any  alterations  in  the  characters  of  the  apex- 
beat  ;  or  we  may  detect  the  existence  of  abnormal  pulsations,  vibrations,  thrills,  or  friction  in 
this  region.  In  feeling  for  the  apex-beat,  if  it  be  at  all  feeble,  it  is  well  to  make  the  patient 
lean  forward.  Of  course,  it  must  be  remembered  that  the  whole  heart  may  be  displaced  by 
tumours  or  accumulations  of  fluids  pressing  upon  it,  i.e.,  conditions  external  to  itself,  or  the 
apex-beat  may  be  displaced  from  causes  within  the  heart  itself,  as  in  hypertrophy  of  the  left 
ventricle.  ] 

[Percussion. — As  the  heart  is  a  solid  organ,  and  is  surrounded  by  the  lungs,  which  contain 
air,  it  is  evident  that  the  sound  emitted  by  striking  the  chest  over  the  region  of  the  former 
must  be  different  from  that  produced  over  the  latter.    Not  only  is  there  a  diff"erence  in  the 
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sound  or  note  emitted,  but  the  "  sensation  of  resistance  "  which  one  feels  on  percussing  the  two 
organs  is  different.    We  may  ascertain — 

1.  The  superficial  or  absolute  cardiac  dulness. 

2.  The  deep  or  relative  dulness.] 

[Superficial  Cardiac  Dulness.— This  theoretically  is  the  part  of  the  heart  in  direct  contact 
with  the  chest-wall  and  uncovered  by  lung,  but  obviously  as  the  lungs  vary  in  size  during 
respiration,  it  must  be  smaller  during  inspiration  and  larger  during  expiration.  It  forms  a 
roughly  triangular  space,  whose  base  cannot  be  accurately  determined,  as  the  heart-dulness 


Fig.  62. 

Topography  of  the  thorax  and  its  contents,  a.d.,  right  atrium  ;  o.s.,  left  auricle  ;  v.d.,  right  ten- 
tricle  ;  I,  left  ventricle,  with  \,  position  of  cardiac  impulse  ;  A,  aorta  ;  II,  pulmonary  artery; 
C,  Y,  vena  cava  superior  ;  L,  L,  limits  of  the  lungs  ;  P,  P,  limits  of  the  attachment  of  the 
parietal  pleura  ;  the  space  between  L,  L,  and  P,  P,  is  called  the  "  complemental  space." 

merges  into  that  of  the  liver,  situate  below  it,  but  it  corresponds  to  a  horizontal  line  1\  inches 
long,  extending  from  the  apex-beat  to  the  middle  of  the  sternum.  The  intemal  side  corre- 
sponding to  the  left  edge  of  the  sternum  is  2  inches  long,  and  reaches  from  the  junction  of  the 
fourth  costal  cartilage  with  the  sternum — apex  of  the  triangle — to  the  sternal  end  of  the  base 
line.  The  superior,  outer,  or  oblique  line,  3  inches  in  length,  is  somewhat  curved,  and  passes 
downwards  and  outwards  from  the  apex  of  the  triangle  to  the  apex  of  the  heart.  The  clinical 
value  of  the  superficial  dulness  is  not  great.] 

[Deep  Cardiac  Dulness.— By  this  method  theoretically  we  seek  to  define  the  exact  limits  of 
the  heart  as  a  whole,  and  thus  to  ascertain  its  absolute  size,  and  of  course  percussion  has  to  be 
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done  through  a  certain  thickness  of  lung  tissue,  and  hence  one  must  strike  the  pleximeter 
forcibly.  It  extends  vertically  from  the  third  rib  and  ends  at  the  sixth,  but  owing  to  the 
cardiac  merging  in  the  hepatic  dulness,  this  lower  limit  cannot  be  accurately  ascertained  ;  while 
transversehj  at  the  fourth  rib  it  extends  from  just  within  the  nipple  line  to  slightly  beyond  the 
right  of  the  sternum.  By  these  means  we  may  detect  increase  in  the  size  of  the  heart  or  altera- 
tions in  the  relation  of  the  lungs  to  the  heart,  fluid  in  pericardium,  &c.  Thus  it  is  of  great 
importance  to  the  clinician,  enabling  him  to  determine  the  size  and  position  of  the  heart.] 

[Auscultation. — This  is  one  of  the  most  valuable  methods,  for  by  it  we  can  detect  variations 
and  modifications  in  the  healthy  sounds  of  the  heart,  the  rhythm  and  frequency  of  the  heart- 
beat, the  existence  of  abnormal  sounds,  and  their  exact  relation  to  the  normal  sounds,  also 
their  characters  and  relation  to  the  cardiac  cycle,  and  the  direction  in  which  these  sounds  are 
propagated  (§  54).] 

57.  INNERVATION  OF  THE  HE  ART.  —[Intra-  and  Extra-Cardiac  Nervous 
Mechanism. — Wlien  tlie  lieart  is  removed  from  tlie  body,  or  wlien  all  ttie  nerves 
whicli  pass  to  it  are  divided,  it  still  beats  for  some  time,  so  that  its  movements 
must  depend  upon  some  mechanism  situated  within  itself.  The  ordinary  rhythmical 
movements  of  the  heart  are  undoubtedly  associated  with  the  presence  of  nerve 
ganglia,  which  exist  in  the  substance  of  the  heart — the  intra-cardiac  ganglia.  But 
the  movements  of  the  heart  are  influenced  by  nervous  impulses  which  reach  it  from 
without,  so  that  there  falls  to  be  studied  an  intra-cardiac  and  an  extra -cardiac 
nervous  mechanism.] 

The  cardiac  plexus  is  composed  of  the  following  nerves  : — (1)  The  cardiac 
branches  of  the  vagus,  the  branch  of  the  same  name  from  the  external  branch  of 
the  superior  laryngeal,  a  branch  from  the  inferior  laryngeal,  and  sometimes  branches 
from  the  pulmonary  plexus  of  the  vagus  (more  numerous  on  the  right  side);  (2) 
the  superior,  middle,  inferior,  and  lowest  cardiac  branches  of  the  three  cervical 
ganglia  and  the  first  thoracic  ganglia  of  the  sympathetic  ;  (3)  the  inconstant  twig 
of  the  descending  branch  of  the  hypoglossal  nerve,  which,  according  to  Luschka, 
arises  from  the  upper  cervical  ganglion.  From  the  plexus  there  proceed — the  deep 
and  the  superficial  nerves  (the  latter  usually  at  the  division  of  the  pulmonary 
artery  under  the  arch  of  the  aorta,  and  containing  the  ganglion  of  Wrisberg) 
(§  370).    The  following  nerves  may  be  separately  traced  from  the  plexus  : — 

(a)  The  plexus  coronarius  dexter  and  sinister,  which  contains  the  vaso-motor 
nerves  for  the  coronary  vessels  (physiological  proof  still  wanting)  as  well  as  the 
nerves  (sensory  ?)  proceeding  from  them  (to  the  pericardium  ?). 

{h)  Intra-cardiac  nerves  and  ganglia. — The  nerves  lying  in  the  grooves  of  the 
heart  and  in  its  substance  contain  numerous  ganglia  {Remak),  and  are  regarded  as 
the  automatic  motor  centres  of  the  heart.  A  nervous  ring  containing  numerous 
ganglia  corresponds  to  the  margin  of  the  septum  atriorum  ;  there  is  another  in  the 
auriculo- ventricular  groove.'  Where  the  two  meet,  they  exchange  fibres.  The 
ganglia  usually  lie  near  the  pericardium.  In  mammals,  the  two  largest  ganglia  lie 
near  the  orifice  of  the  superior  vena  cava — in  birds,  the  largest  ganglion  (containing 
thousands  of  ganglionic  cells)  lies  posteriorly  where  the  longitudinal  and  transverse 
sulci  cross  each  other.  Fine  branches,  also  provided  with  small  ganglia,  proceed 
from  these  ganglia,  and  penetrate  the  muscular  walls  of  the  auricles  and  ventricles. 

[Frog's  Heart. — The  frog's  heart  consists  of  the  sinus  venosus,  into  which  open  the  single 
inferior  and  the  two  superior  venae  cavse  (fig.  64).  There  are  two  auricles  ;  the  right  one  com- 
municates with  the  sinus  venosus,  and  opens  into  the  single  ventricle  ;  the  left  auricle  also 
opens  into  the  single  ventricle  (fig.  63,  v),  and  in  the  latter  are  mixed  the  venous  blood  returned 
by  the  right  auricle  and  the  arterial  blood  from  the  left  auricle.  The  aorta  with  its  hulhus 
arteriosus  conducts  the  blood  from  the  ventricle.  The  various  orifices  are  guarded  by  projec- 
tions of  tissue,  which  act  like  valves.  The  two  auricles  are  completely  separated  by  a  septum. 
This  septum  ends  posteriorly  in  a  free  concave  margin,  so  as  to  divide  the  auriculo-ventricular 
orifice  into  a  right  and  left  orifice.  Each  orifice  is  guarded  by  two  thick  fleshy  valves,  which 
close  it.] 

[Nerves. — The  two  cardiac  branches  of  the  vagi — the  nervi  cardiaci — proceed  to  the  posterior 
surface  of  the  sinus  venosus,  and  where  the  latter  joins  the  auricle  they  interlace,  and  are  mixed 
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with  a  number  of  ganglion  cells  (fig.  67).  This  spot  is  called  Kemak's  ganglion,  is  sometimes 
single,  at  others  double,  and  it  can  be  seen  as  a  white  "  crescent"  when  the  heart  is  litted  up 
and  looked  at  from  behind  (fig.  64).    The  cardiac  nerves  pass  on  to  the  auricular  septum- 


Fig.  63. 

Heart  of  frog  from  the  front.  V,  single  ven- 
tricle ;  Ad,  As,  right  and  left  auricles  ; 
B,  bulbus  arteriosus;  1,  carotid,  2,  aorta, 
and  3,  pulmo-cutaneous  arteries  ;  C,  ca- 
rotid gland. 


Fig.  64. 

Heart  of  frog  from  behind,  s.v.,  sinus  ve- 
nosus  opened.;  ci,  inferior  ;  csd,  ess,  right 
and  left  superior  vense  cavse  ;  vp.,  pul- 
monary vein  ;  Ad  and  As,  right  and 
left  auricles ;  Ap,  communication  between 
the  rit(ht  and  left  auricle. 


which  contains  nerve-cells,  known  as  Ludwig's  ganglion— exchanging  fibres  in  their  course  to 
join  two  ganglia  at  the  auriculo-veutricular  groove,  and  known  as  Bidder's  ganglia  (fig.  67).  it 
has  been  stated  that  the  bulbus  arteriosus  also  contains  ganglionic  cells.] 


Fig.  65. 

Auricular  septum  of  a  frog's  heart. 


Pyriform  ganglionic  bi-polar  nerve-cell 
from  the  heart  of  a  frog,  m,  sheath  ; 
11,  straight  process  ;  o,  spiral  process. 


anterior, 

and  JO,  posterior  branch  of  the  cardiac  vagus  ; 
B,  Bidder's  ganglion. 

According  to  Openchowsky,  every  part  of  the  heart  (frog  triton,  tortoise)  contains  nerve- 
fibres  which  are  connected  with  the  muscular  fibres.  In  the  auricles,  at  the  end  of  the  non- 
medullated  fibre,  a  tri-radiate  nucleus  exists  which  gives  off  fibrils  to  the  muscular  bundles. 
There  is  a  network  of  fine  nerve-fibres  distributed  immediately  under  the  endocardium—these 
fibres  act  partly  in  a  centripetal  direction  on  the  cardiac  ganglia,  and  are  partly  motor  tor  the 
endocardial  muscles.  The  parietal  layer  of  the  pericardium  contains  (sensory)  nerve-fibres. 
The  following  kinds  of  nerve-cells  are  foimd—U7iipolar  cells,  the  single  processes  ot_  which  atter- 
wards  divide  ;  bipolar  pyriform  cells  (fig.  66),  which  in  the  frog  possess  a  straight  (?i)  and 
also  a  spiral  process  (o)  (§  321). 

58.  THE  AUTOMATIC  MOTOR  CENTRES  OF  THE  HEART.— (1)  It  is 

generally  assumed  that  the  nervous  centres  which  excite  the  cardiac  movements, 
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and  maintain  the  rhythm  of  these  movements,  He  within  the  heart,  and  that  they 
are  probably  represented  by  the  ganglia.  [The  heart,  however,  can  execute 
rhythmical  pulsations  without  the  presence  of  ganglionic  structures,  p.  95.] 

(2)  There  are — not  one,  but  several  of  these  centres  in  the  heart,  which  are 
connected  with  each  other  by  conducting  paths.    As  long  as  the  heart  is  intact,  all 


Fig.  67. 

Sclieme  of  nerves  of  frog's  heart.  R. 
Remak's,  and  B,  Bidder's  ganglia; 
S.V.,  sinus  venosus  ;  A,  auricles  ; 
V.  ventricle;  B.  A.,  bulbus  ar- 
teriosus ;  vag,  vagi. 


Stannius's  experiment.  A,  auricle  ; 
V,  ventricle  ;  S.V.,  sinus  venosus. 
The  zig-zag  lines  indicate  which 
parts  continue  to  beat  ;  in  2  the 
ventricle  beats  at  a  different  rate. 


its  parts  move  in  rhythmical  sequence  from  a  principal  central  point,  an  impulse 
being  conducted  from  this  centre  through  the  conducting  paths.  Wliat  the 
"  discharging  forces "  of  these  regular  progressive  movements  are  is  unknown. 
If,  however,  the  heart  be  subjected  to  the  action  of  diffuse  stimuli  {e.g.,  strong 
electrical  currents),  all  the  centres  are  thrown  into  action,  and  a  spasm-like  action 
of  the  heart  occurs.  The  dominating  centre  lies  in  the  auricles.,  hence  the  regular 
progressive  movement  usually  starts  from  them.  If  the  excitability  is  diminished, 
as  b}^  touching  the  septum  with  opium,  other  centres  seem  to  undertake  this 
function,  in  which  case  the  movement  may  extend  from  the  ventricles  to  the 
auricles.  According  to  Kronecker  and  Schmey,  in  the  dog's  heart  there  is  a  spot 
above  the  lower  limit  of  the  upper  third  of  the  ventricular  septum,  which,  w^hen  it 
is  injured,  e.g..,  by  destroying  it  with  a  stout  needle,  brings  the  heart  to  a  stand- 
still ;  this  has  been  called  a  co-ordinating  centre.  [The  existence  of  this  centre 
is  denied  by  some  observers.] 

(3)  All  stimuli  of  moderate  strength  applied  directly  to  the  heart  cause  at  first 
an  increase  of  the  rhythmical  heart-beats ;  stronger  stimuli  cause  a  diminution,  and 
it  may  be  paralysis,  which  is  often  preceded  by  a  convulsive  movement.  Increased 
activity  exhausts  the  energy  of  the  heart  sooner. 

(4)  Single  very  weak  stimuli,  which  have  no  effect  on  the  heart  when  applied 
singly,  if  repeated  sufficiently  often,  may  become  active  owing  to  "  summation  of 
the  stimuli "  {y.  Bäsch). 

(5)  Even  the  weakest  stimulus  which  can  excite  a  contraction  always  causes  an 
energetic  contraction,  i.e.,  "  the  minimal  stimulus  causes  a  maximal  effect " 
{Bowditch,  Kronecker  and  Stirling). 

(6)  After  every  contraction  of  the  heart  there  is  a  short  period  of  "  diminished 
excitability "  or  Marey's  "  refractory  period,"  during  which  the  heart  is  less 
susceptible  to  further  stimulation. 

(7)  The  non-ganglionic  apex  of  the  heart,  when  it  is  not  stimulated,  no  longer 
beats  spontaneously,  but  it  responds  each  time  by  a  single  contraction  to  a  single 
direct  stimulus.  If,  however,  a  continuous  stimulus,  e.g.,  a  continuous  current  of 
electricity,  be  applied  to  it,  it  executes  a  series  of  beats.  Such  continuous  stimuli 
are  obtained  through  a  continuous  pressure  of  fluid,  exerted  on  the  interior  of  the 
heart,  or  by  moistening  the  heart  with  chemical  substances. 

(8)  The  auricular  centres  seem  to  be  more  excitable  than  those  of  the  ventricle  ; 
hence,  in  a  heart  left  to  itself  the  auricles  pulsate  longest. 
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(9)  The  heart  may  be  excited  (reflexly)  from  its  inner  surface.  Weak  stimuli 
applied  to  the  inner  surface  of  the  heart  greatly  accelerate  the  heart's  action,  the 
stimulus  required  being  much  feebler  than  that  appHed  to  the  external  surface  of 
the  heart.  Strong  stimuli,  which  bring  the  heart  to  rest,  also  act  more  easily  when 
applied  to  its  inner  surface  than  when  they  are  applied  to  its  outer  surface.  The 
ventricle  is  always  the  first  part  to  be  paralysed. 

(10)  In  order  that  the  heart  may  continue  to  contract,  it  is  necessary  that  it  be 
supplied  with  a  fluid  which,  in  addition  to  0,  must  contain  the  necessary  nutritive 
materials.  The  most  perfect  fluid,  of  course,  is  blood.  Hence  the  heart  after  a 
time  ceases  to  beat  in  an  indifferent  fluid  (0'6  per  cent,  sodium  chloride),  but  its 
activity  may  be  revived  by  supplying  it  with  a  proper  nutritive  fluid. 

Cardiac  Nutritive  Fluids.— These  nutritive  fluids  are  such  as  contain  serum-albumin,  e.g., 
blood,  serum,  or  lymph.  Serum  retains  its  nutritive  properties  even  after  it  has  been  subjected 
to  diffusion  {Martms  and  KrunecTcer).  Milk  and  whey  {v.  Ott),  normal  saline  solution  mixed  Avith 
blood,  albumin,  or  peptone,  and  O'S  per  cent,  sodium  carbonate  {Kronecker,  Merunowicz  and 
Stienon),  a  trace  of  caustic  soda  [Gaule),  or  a  solution  of  the  salts  of  serum,  are  suitable.  Alka- 
line solution  of  soda  revives  a  feebly  beating  heart  by  neutralising  the  acid  formed  in  the  cardiac 
muscle,  and  so  does  normal  saline  containing  calcic  phosphate  and  potassie  chloride  {S.  Ringer). 

(11)  The  independent  pulsations  of  parts  of  the  heart  which  are  devoid  of 
ganglia  show  that  the  presence  of  ganglia  is  not  absolutely  necessary  in  order  to 
have  rhythmical  pulsation.  Direct  stimulation  of  the  heart  may  cause  these  move- 
ments. But  the  ganglia  are  more  excitable  than  the  heart  muscle  itself,  and  they 
conduct  the  impulses  which  lead  to  the  regular  alternating  action  of  the  various 
parts  of  the  heart,  so  that,  under  normal  circumstances,  we  must  assume  that  the 
action  of  the  heart  is  governed  by  the  ganglia. 

(12)  If  a  heart  be  cut  in  pieces,  so  that  the  individual  pieces  still  remain 
connected  with  each  other,  the  regular  peristaltic  or  wave-like  movements  proceeding 
from  the  auricles  to  the  ventricle  may  continue  for  a  long  time  (Danders, 
Engelmann).  If  the  heart,  however,  be  completely  divided  into  two  distinct  pieces 
(^auricle  and  ventricle),  the  movements  of  both  parts  continue,  but  not  in  the  same 
sequence — they  beat  at  diff'erent  rates. 

The  chief  experiments  upon  which  the  above  statements  are  based  are  as 
follows  : — 

I.  Experiments  by  cutting  and  ligaturing  the  heart.  These  experiments  have 
been  made  chiefly  upon  the  heart  of  the  frog.  The  ligature  experiments  are  per- 
formed by  tightening  and  then  relaxing  a  ligature  placed  around  the  heart,  so  that 
the  physiological  connection  is  destroyed,  while  the  anatomical  or  mechanical  con- 
nections (continuity  of  the  cardiac  wall,  intact  condition  of  its  cavities)  still  exist. 
The  most  important  of  these  experiments  are — 

(1)  Stannius's  Experiment— If  the  sinus  venosus  of  a  frog's  heart  be  separated 
from  the  auricles,  either  by  an  incision  or  by  a  ligature,  the  auricles  and  ventricle 
stand  still  in  diastole,  whilst  the  veins  and  the  remainder  of  the  sinus  continue  to 
beat  (fig.  68,  1).  If  a  second  incision  be  made  at  the  auriculo-ventricular  groove, 
as  a  rule  the  ventricle  begins  at  once  to  beat  again,  whilst  the  auricles  remain  in 
the  condition  of  diastolic  rest.  [Thus  the  sinus  venosus  and  ventricle  continue  to 
beat,  while  the  auricle  stands  still,  but  the  two  former  no  longer  beat  with  the  same 
rhythm,  the  ventricle  usually  beats  more  slowly,  as  is  shown  in  fig.  68,  2,_  by  the 
large  zig-zags.]  According  to  the  position  of  the  second  ligature  or  incision,  the 
auricles  may  also  beat  along  with  the  ventricles,  or  the  auricles  alone  may  beat 
while  the  ventricles  remain  at  rest. 

Theoretical.— Various  explanations  of  these  experiments  have  been  given  :— (A)  Eemak's 
ganglion  in  the  sinus  venosus  is  distinguished  by  its  great  excitability,  while  Bidder's  ganglion 
in  the  auriculo-ventricular  groove  is  less  excitable  ;  in  the  normal  condition  of  the  heart  the 
motor  impulse  is  carried  from  the  former  to  the  latter.  If  the  sinus  venosus  be  separated  from 
the  heart,  Remak's  ganglion  has  no  action  on  the  heart.    Tlie  heart  stops  for  two  reasons— 
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first,  because  Bidder's  ganglion  alone  has  not  sufficient  energy  to  excite  it  to  action,  and  because 
the  inhibitory  fibres  of  the  vagus  going  to  the  heart  have  been  stimulated  by  being  divided  at 
this  point  {Heidenhain).  [That  stimulation  of  the  inhibitory  fibres  of  the  vagus  is  not  the 
cause  of  the  standstill  is  proved  by  the  fact  that  the  standstill  occurs  even  after  the  adminis- 
tration of  atropine,  which  paralyses  the  cardiac  inhibitory  mechanism.]  The  passive  heart, 
however,  maybe  made  to  contract  by  mechanically  stimulating  Bidder's  ganglion,  e.g.,  by  a 
slight  prick  with  a  needle  in  the  auriculo-ventricular  groove,  or  by  the  action  of  a  constant 
current  of  moderate  strength  {Eckhard),  the  ventricular  pulsation  at  the  same  time  preceding 
the  auricular  {v.  Bezold,  Bernstein).  If  the  auriculo-ventricular  groove  be  divided,  the  ventricle 
pulsates  again,  because  Bidder's  ganglion  has  been  stimulated  by  the  act  of  dividing  it ;  while, 
at  the  same  time,  the  ventricle  is  withdrawn  from  the  inhibitory  influence  of  the  vagus  pro- 
duced by  the  first  divison  at  the  sinus  venosus.  If  the  line  of  separation  is  so  made  that 
Bidder's  ganglion  remains  attached  to  the  auricles,  these  pulsate,  and  the  ventricle  rests  ;  if  it 
be  divided  into  halves,  the  auricles  and  ventricles  pulsate,  each  half  being  excited  by  the  portion 
of  the  ganglion  in  relation  with  it.  (B)  According  to  another  view,  both  Remak's  {a)  and 
Bidder's  ganglia  {h)  are  motor  centres,  but  in  the  auricles  there  is  in  addition  an  inhibitory 
ganglionic  sijstevi  (c)  {Bezold,  Traube).  Under  normal  circumstances  a  +  b  is  stronger  than  c, 
while  c  is  stronger  than  a  or  b  separately.  If  the  sinus  venosus  be  separated  it  beats  in  virtue 
oi  a;  on  the  other  hand,  the  heart  rests  because  c  is  stronger  than  b.  If  the  section  be  made 
at  the  level  of  the  auriculo-ventricular  groove,  the  auricles  stand  still  owing  to  c,  while  the 
ventricle  beats  owing  to  h. 

(2)  Descarte's  Experiment  (1644). — If  the  ventricle  of  a  frog's  heart  be  separated 
from  the  rest  of  the  heart  by  means  of  a  ligature,  or  by  an  incision  carried  through 
it  at  the  level  of  the  auriculo-ventricular  groove,  the  sinus  and  atria  pulsate  undis- 
turbed as  before,  but  the  ventricle  stands  still  in  diastole.  A  single  local  stimulus 
applied  to  the  ventricle  is  responded  to  by  a  single  contraction.  If  the  incision  be 
so  made  that  the  lower  margin  of  the  auricular  septum  remains  attached  to  the 
ventricle,  the  latter  pulsates.  Even  the  ventricles  of  a  rabbit's  heart,  when  separated 
along  with  a  part  of  the  auricles  in  connection  with  them,  pulsate  {Tigerstedt). 

[Gaskell's  Clamp.— Gaskell  uses  a  clamp,  regulated  by  a  millimetre  screw,  to  compress  the 
heart,  and  thus  to  obstruct  the  passage  of  impulses  from  one  part  of  the  heart  to  the  other,  or 
to  "block"  the  way,  the  pulsations  of  the  auricles  and  ventricles  being  separately  registered. 
By  compressing  the  heart  at  the  auriculo-ventricular  groove,  the  ratio  of  auricular  and  ventri- 
ciilar  beats  alters,  and  instead  of  being  1  :  1,  there  may  be  2,  3,  or  more  auricular  beats  for  each 
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beat  of  the  ventricle,  expressed  thus —  y  '      '        ;  X  '  ^^^^  l^eart  is  fixed  by  the 

clamp,  levers  are  placed  horizontally  above  and  below  the  heart.  These  levers  are  fixed  to  a  part 
of  the  auricles  and  to  the  apex  by  means  of  threads.  Each  part  of  the  heart  attached  to  a 
lever,  as  it  contracts,  pulls  upon  its  own  lever,  so  that  the  extent  and  duration  of  each  con- 
traction may  be  registered.  This  method  is  applicable  for  studying  the  effect  of  the  vagus 
and  other  nerves  upon  the  heart.] 

(3)  Section. — ^A.  Fick  showed  that  the  process  of  excitement  in  the  contractile 
tissue  of  the  frog's  heart  is  propagated  in  all  directions  (1874),  so  that  to  a  certain 
extent  the  whole  frog's  heart  behaves  like  one  continuous  muscular  fibre  ;  thus  one 
transverse  cut  into  the  ventricle  does  not  prevent  contraction  from  taking  place  in 
the  separated  parts.  Engelmann's  experiments  also  show  that  if  the  ventricle  of  a 
frog's  heart  be  cut  up  into  two  or  more  strips  in  a  zig-zag  way,  so  that  the 
individual  parts  still  remain  connected  with  each  other  by  muscular  tissue,  the 
strips  still  beat  in  a  regularly  progressive  rhythmical  manner,  provided  one  strip 
is  caused  to  contract.  The  rapidity  of  the  transmission  is  about  10  to  15  mm.  per 
sec.  Hence  it  appears  that  the  conducting  paths  for  the  impulse  causing  the  con- 
traction are  not  nervous,  but  must  be  the  contractile  mass  itself.  It  has  not  been 
proved  that  nerve-fibres  proceed  from  the  ganglia  to  all  the  muscles. 

[According  to  Marchand's  experiments,  it  takes  a  very  long  time  for  the  excitement  to  pass 
from  the  auricles  to  the  ventricle — a  much  longer  time,  in  fact,  than  it  would  require  to  conduct 
the  excitement  through  muscle — so  that  it  is  probable  that  the  propagation  of  the  impulse  from 
the  auricles  to  the  ventricle  is  conducted  by  nervous  channels  to  the  auriculo-ventricular 
nervous  apparatus.  In  fact,  in  the  mammalian  heart  the  muscular  fibres  of  the  auricles  are 
quite  distinct  from  those  of  the  ventricles.  ] 
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(4)  When  the  apex  of  a  frog's  heart  is  ligatured  off  from  the  rest  of  the  heart,  it 
no  longer  pulsates  {Heidenhain,  Goltz),  but  such  an  apex,  if  stimulated  directly, 
e-g-,  hy  a  prick  of  a  pin,  responds  with  a  single  contraction.  If  the  "heart-apex  " 
be  filled  with  normal  saline  solution  under  pressure,  which  acts  as  a  stimulus,  the 
heart  begins  to  pulsate,  and  the  same  is  the  case  with  a  solution  of  delphinin  or 
quinine.  If  a  cannula  be  tied  into  the  heart  over  the  auriculo-ventricular  groove, 
the  ventricle  does  not  beat,  but  if  the  ventricle  be  filled  through  the  cannula  with 
blood  containing  oxygen,  under  a  constant  and  sufficient  pressure,  it  pulsates 
(Ludwig  and  Mp.runowicz). 

[(5)  Luciani  found  that  a  heart  ligatured  above  the  auriculo-ventricular  groove, 
when  filled  with  pure  serum,  produced  groups  of  pulsations  with  a  long  diastohc 
pause  between  everv  two  groups  (fig.  69).    The  successive  beats  in  each  group 


Fig.  69. 

Four  groups  of  pulsations  with  intervening  pauses,  with  their  "staircase"  character.  The 
points  on  the  abscissa  were  marked  every  10  seconds. 

assume  a  "staircase"  character  (p.  98).  These  periodic  groups  undergo  many 
changes;  they  occur  when  the  heart  is  filled  with  pure  serum  free  from  blood- 
corpuscles,  and  they  disappear  and  give  place  to  regular  pulsations  when  defibrmated 
blood  or  serum  containing  heenioglobin  or  normal  saline  solution  is  used  {Rossbac/i). 
They  also  occur  when  the  blood  within  the  heart  has  become  dark-coloured,  i.e., 
when  it  has  been  deprived  of  certain  of  its  constituents,  and  if  a  trace  of  vemtrm 
be  added  to  bright  red  blood  they  occur.]  ^  .  .  . 

(6)  An  apex  preparation,  when  stimulated  with  even  a  weak  induction  shock 
always  ^ives  its  maximal  contraction,  and  when  a  tetanismg  current  is  apphed 
tetanus  does  not  occur  (Kronecker  and  Stirling).  When  the  opening  and  closing 
shocks  of  a  sufficiently  strong  constant  current  are  apphed  to  the  heart-apex  it 
contracts  with  each  closing  or  opening  shock.  [When  a  co?istant  current  is  applied 
to  the  lower  two-thirds  of  the  ventricle  (heart-apex),  under  certain  conditions  the 
apex  contracts  rhythmically.  This  is  an  important  fact  m  connection  with  any 
theory  of  the  cardiac  beat.]  •  ->  i  xi    •  ^  i 

(7)  If  the  bulbus  aortfB  (frog)  be  ligatured,  it  stül  pulsates,  provided  the  internal 
pressure  be  moderate.  Should  it  cease  to  beat,  a  single  stimulus  makes  it  respond 
by  a  series  of  contractions.  Increase  of  temperature  to  35  C.  and  raising  the 
pressure  within  it,  increase  the  number  of  pulsations  {Engelmann). 

Action  of  Fluids  —Kaller  was  of  opinion  that  the  venous  blood  was  the  natural 
stimulus  which  caused  the  heart  to  contract.  That  this  is  not  so  is  proved  at  once 
by  the  fact  that  the  heart  beats  rhythmically  when  it  contains  no  blood.  Jilood 
and  other  fluids  which  are  supplied  to  an  excised  heart  are  not  the  cause  of  its 
rhythmical  movements,  but  only  the  conditions  on  which  these  movements  depend. 

rMethods.-The  study  of  the  action  of  fluids  upon  the  excised  frog's  heart  has  been  rendered 
possible  by  the  invention  of  Ludwig's  " frog-manometer. "  The  ^PP/Pf  ^  ^^^^^^^^^^  }l 
Kronecker  (fig.  70),  consists  of  (1)  a  double-way  cannula,  c,  which  is  tied  into  the  heart,  h  ;  2) 
a  manometer^7>^,  connected  with  c,  and  registering  the  movements  of  its  nxe^"cury  on  a  revolv- 
ing cylinder,  V  ;  (3)  two  Mariiotte's  flasks,  a  and  h,  which  are  connected  with  the  othei  limb  of 
th?  cLnula  E  ther  a  or  h  can  be  placed  in  communication  with  the  interior  of  the  heart  by 
means  of  the  stop-cock,  s.  To  the'fluid  in  one  graduated  tube  may  be  added  the  substance 
whose  eff-ect  on  the  heart  it  is  proposed  to  investigate,  while  the  fluid  m  the  other  vessel 
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remains  without  the  addition  of  any  substance  and  can  be  used  as  a  control-fluid  ;  is  a  glass 
vessel  for  fluid,  in  which  the  heart  pulsates,  c'  and  e  are  electrodes,  e  is  inserted  into  the  fluid  in 
d,  e'  is  attached  to  the  German  silver  cannula  which  is  shown  in  fig.  71.] 

[In  the  tonometer  of  Roy  (figs.  72  and  73)  the  ventricle,  h,  or  the  whole  heart,  is  placed  in  an 
air-tight  chamber,  o,  filled  with  oil.  As  before,  a  "  per- 
fusion "  cannula  is  tied  into  the  heart.  A  piston,  p, 
works  up  and  down  in  a  cylinder,  and  is  adjusted  by 
means  of  a  thin  flexible  animal  membrane,  such  as  is 
used  by  perfumers.  Attached  to  the  piston  by  means 
of  a  thread  is  a  writing-lever,  I,  which  records  the  varia- 
tions of  pressure  within  the  chamber,  o.  Wheu  the 
ventricle  contracts,  it  becomes  smaller,  diminishes  the 
pressure  within  o,  and  hence  the  piston  and  lever  rise  ; 
conversely,  when  the  heart  dilates,  the  lever  and  piston 
descend.  Variations  in  the  volume  of  the  ventricle  may 
be  registered  without  in  any  way  interfering  with  the 
flow  of  fluids  through  it.] 

[Two  preparations  of  the  frog's  heart  have  been  used 
— (1)  The  "heart,"  in  which  case  the  cannula  is  intro- 
duced into  the  heart  through  the  sinus  venosus,  and  a 
ligature  is  tied  over  it  around  the  auricle,  i.e.,  above  the 
auriculo-ventricular  groove.  Thus  the  auriculo-ven- 
tricular  ganglia  and  other  nervous  structures  remain  in 
the  preparation.  This  was  the  heart  preparation  em- 
ployed by  Luciani  and  Rossbach.  (2)  In  the  "heart- 
apex  "  or  apex  preparation,  the  cannula  is  introduced  as 
before  ;  but  the  ligature  is  tied  on  it  over  the  ventricle 
several  millimetres  heloio  the  auriculo-ventricular  groove, 
so  that  this  preparation  contains  none  of  the  auriculo- 
ventricular  ganglia,  and,  according  to  the  usual  state- 
ment, this  part  of  the  heart  is  devoid  of  nerve  ganglia. 
This  is  the  preparation  which  was  used  by  Bowditch, 
Kronecker  and  Stirling,  Merunowicz,  and  others.] 

[The  first  eff'ect  of  the  application  of  the  ligature  in 
both  cases  is,  that  both  preparations  cease  to  beat,  but 
the  "heart"  usually  resumes  its  rhythmical  contractions  within  several  minutes,  while  the 
"heart-apex"  does  not  contract  spontaneously  until  after  a  much  longer  time (10 to  90  mins.),] 

[If  the  "heart-apex"  be  filled  with  a  0"6  per  cent,  solution  of  common  salt,  the  contractions 
are  at  first  of  greater  extent,  but  they  afterwards  cease,  and  the 
preparation  passes  into  a  condition  ot  "apparent  death,"  lasting 
30-90  mins. :  while,  if  the  action  of  the  fluid  be  prolonged,  the  heart 
may  not  contract  at  all,  even  when  it  is  stimulated  electrically  or 
mechanically.  It  may  be  made,  however,  to  pulsate  again,  if  it  be 
supplied  with  saline  solution  containing  blood  (1  to  10  per  cent.). 
If  the  ventricle  be  nipped  with  wire  forceps  at  the  junction  of  the 
upper  with  its  middle  third,  so  as  to  separate  the  lower  two-thirds 
of  the  ventricle,  physiologically  but  not  anatomically,  from  the  rest 
of  the  heart,  then  the  apex  will  cease  to  contract,  although  it  is 
still  supplied  with  the  frog's  own  blood  {Bernstein,  Bowditch). 
The  physiologically  isolated  apex  may  be  made  to  beat  by  clamp- 
ing the  aortic  branches  so  as  to  prevent  blood  passing  out  of  the 
heart,  and  thus  raising  the  intracardiac  pressure.  The  rate  of  the 
beat  of  the  apex  is  independent  of  and  slower  than  that  of  the  rest 
of  the  heart.  This  experiment  proves  that  the  amount  of  pressure 
within  the  apex-cavity  is  an  important  factor  in  the  causation  of 
the  spontaneous  beats  of  the  apex.  If  blood-serum,  to  which  a 
trace  of  delphinin  is  added,  be  transfused  or  "perfused''  through 
the  heart,  the  heart  begins  to  beat  within  a  minute,  continues  to 
beat  for  several  seconds,  and  then  stands  still  in  diastole  {Bowditch). 
Quinine  and  a  mixture  of  atropine  and  muscarin  have  a  similar 
action,  ^  These  experiments  show  that,  provided  no  nervous  appar- 
atus exists  within  the  heart-apex,  the  cause  of  the  varying  contrac- 
tion is  to  be  sought  for  in  the  musculature  of  the  heart,  and  that  the  stimulus  necessary  for 
the  systole  of  the  heart's  apex  may  arise  within  itself.  If  there  is  no  nervous  apparatus  of 
any  kmd  present,  then  we  must  assume  that  the  heart-muscle  may  execute  rhythmical  move- 
ments independently  of  the  presence  of  any  nervous  mechanism,  although  it  is  usually  assumed 
that  the  ganglia  excite  the  heart-muscle  to  pulsate  rhythmically.    It  is  by  no  means  definiteltj 


Scheme  of  Kronecker's  frog-mano- 
meter, a,  b,  Marriotte's  flasks  for 
the  nutrient  fluids  ;  s,  stop-cock ; 
c,  cannula ;  m,  manometer ;  h, 
heart ;  d,  glass  cup  for  h  ;  e',  e, 
electrodes  ;  cyl,  revolving  cylinder. 


Fig.  71. 

Perfusion  cannula  for  a 
frog's  heart,  c,  for  fixing 
an  electrode ;  d,  the 
heart  is  tied  over  the 
flanges  preventing  it 
from  slipping  out ;  e, 
section  of  d 
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proved  that  the  heart-apex  is  devoid  of  all  nervous  structures,  which  may  act  as  originators  of 
these  rhythmical  impulses.]  ^  c  a 

rAction  of  Drugs.— If  the  heart-apex  contains  no  nervous  structures,  it  must  form  a  good 
ob  ect  for  the  study  of  the  action  of  drugs  on  the  cardiac  muscle     Some  of  these  have  bßen 
J  '  mentioned  already.    Ringer  finds  that  a  calcium 

salt  makes  the  contractions  higher  and  longer. 
Dilute  acids  added  to  saline  solution,  e.g., 
lactic,  cause  complete  relaxation  of  the  cardiac 
musculature,  while  dilute  alkalies  produce  an 
opposite  effect  or  tonic  contraction,  even  though 
the  apex  be  not  pulsating.  The  action  of  a 
dilute  acid  may  be  set  aside  by  a  dilute  alkah 
and  vice  versa.  Digitalin,  antiarin,  barium, 
and  veratria  act  like  alkalies,  while  saponin, 
muscarin,  and  Pilocarpin  have  the  ettect  of 
acids  (§  65).  An  isolated  frog's  heart,  fatigued 
after  being  supplied  with  a  solution  of  blood, 
is  caused  to  beat  more  vigorously  by  a  solution 
of  kreatinin.  or  extract  of  meat  {Mays).] 

[The  "heart"  preparation  in  many  respects 
behaves  like  the  foregoing,  i.e.,  it  is  exhausted 
after  a  time  by  the  continued  application  of 
normal  saline  solution  (O'G  per  cent.  NaCl), 
while  its  activity  may  be  restored  by  supplying 
it  with  albuminous  and  other  fluids  (p.  92).]. 

II.  Direct  Stimulation  of  the  Heart. 

 AH  direct  cardiac  stimuli  act  more 

energetically  on  the  inner  than  on  the 
Yicf,  72.  outer  surface  of  the  heart.     If  strong 

°"     *  ^i..,-,i„p  stimuli  are  applied  for  too  long  a  time, 

^^^'^  'S^^l^l^i:^"     the  ventricle  is  the  part  first  paralysed. 

(.)  Thermal  ~Ä«ff^  aÄt7e  ^nd  ^!L%SSS  of  Z 

Ä T  Derca^te  (1644)'  otZTeTtt  t.ft^^^^^^^  the  number  of  pulsations  of  an  eel's 
heart.]    Descartes  ^io^*;      ^^^^^  ^^^^  temperature  increases,  the  number  of  beats  is  at 

first  considerably  increased,  but  afterwards  the  beats  again  become 
fewer  and  if  the  temperature  is  raised  above  a  certain  Uinit  tUe 
heart'stands  still,  the  myosin  of  which  its  fibres  consist  is  coagu- 
lated, and  "heat-rigor"  occurs.  Even  before  this  stage  is 
reached,  however,  the  heart  may  stand  still,  the  muscular  fibres 
appearing  to  remain  contracted.  The  ventricles  usually  cease  to 
beat  before  the  auricles  (SchelsJce).  The  size  and  extent  of  the 
contractions  increase  up  to  about  20°  C,  but  above  this  point 
they  diminish  (fig.  74).  The  ^mc  occupied  by  any  «i^gle  con- 
traction at  20°  C.  is  only  about  ^^th  of  the  time  occupied  by  a 
contraction  occurring  at"  5°  C.  A  heart  which  has  been  warmed 
is  capable  of  reacting  pretty  rapidly  to  intermittent  stimuli  while 
a  heart  at  a  low  temperature  reacts  only  to  stimuli  occurring 
at  a  considerable  interval  (G^awie).  •  j-   •  •  -u  j 

Cold.— When  the  temperature  of  the  blood  is  diminished,  the 


^  \^ 


heart  beats  more  slowly.  A 


I 


frog's  heart,  placed  between  two 
watch-glasses  and  laid  on  ice, 
beats  very  much  more  slowly. 
The  pulsations  of  a  frog's  heart 
stop  when  the  heart  is  exposed  to 
a  temperature  of  4°  C.  to  0°.  If  a 
frog's  heart  be  taken  out  of  warm 
water,  and  suddenly  placed  upon 
ice,  it  beats  more  rapidly,  and 


Fig.  73. 

Roy's  heart  tonometer,  h,  heart ;  o,  air-tight  chamber 
p.  piston  ;  I,  writing-lever  ;  e,  outflow  tube, 
conversely,  if  it  be  taken  from  ice  and  placed  over  warm  wat^r,  it  beats  more  slowly  at  first 
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level',  such  as  a  straw.  Tlie  slide  is  warmed  by  means  of  a  spirit-lamp.  In  this  way  the 
frequency  and  amplitude  of  the  contractions  are  readily  made  visible  at  a  distance.] 

(b)  Mechanical  Stimuli. — Pressure  applied  to  the  heart  from  without  accelerates  its  action. 
In- the  case  of  Frau  Serafin,  v.  Ziemssen  found  that  slight  pressure  on  the  auriculo-ventricular 
groove  caused  a  second  short  contraction  of  both  ventricles  after  the  heart-beat.  Strong  pressure 
causes  a  very  irregular  action  of  the  cardiac  muscle.  This  may  readily  be  produced  by 
compressing  the  freshly  excised  heart  of  a  dog  between  the  fingers. 
The  intra-cardiac  pressure  also  affects  the  heart-beat  (p.  95). 
If  the  pressure  within  the  heart  be  increased,  the  heart-beats  are 
gradually  increased  ;  if  it  be  diminished,  the  number  of  beats 
diminishes  {Ludwig  and  Thiry).  If  the  intra-cardiac  pressure  be 
very  greatly  increased,  the  heart's  action  becomes  very  irregular 
and  slower.  A  heart  which  has  ceased  to  beat  may  under  certain 
circumstances  be  caused  to  execute  a  single  contraction  if  it  be 
stimulated  mechanically. 

(e)  Electrical  Stimuli. — A  constant  electrical  current  of 
moderate  strength  increases  the  number  of  heart-beats.  V. 
Ziemssen  found,  in  the  case  of  Frau  Serafin  (§  47,  3),  that  the 
number  of  beats  was  doubled  while  a  constant  uninterrupted 
strong  current  was  passed  through  the  ventricles.  [If  the  con- 
stant current  be  very  strong,  or  if  tetanising  induction  cur- 
rents be  applied  to  the  heart,  e.g.,  of  a  dog,  the  normal  heart-beat 


C 


Fig.  74. 

A,  contraction  of  a  frog's  heart  at  19°  C.  ;  B,  at  34°  C.  ;  C,  at  3°  C. 


is  abolished,  the  ventricular  muscle  being  thrown  into  a  state  of  irregular,  arhythmic  contrac- 
tion, whilst  there  is  a  great  fall  of  blood-pressure  {Ludtvig  and  Hoffa).  This  condition  is 
spoken  of  as  delirium  cordis  or  fibrillar  contraction.  It  is  caused  by  some  change  in  the 
muscular  fibres  of  the  ventricles  themselves  ;  the  movements  are  very  complex,  last  long,  and 
occur  rapidly  ;  the  persistence  seems  to  be  due  to  the  great  excitability  of  the  ventricular  tissue. 
It  appears  to  consist  of  a  rapid  succession  of  inco-ordinated  peristaltic  contractions,  which  may 
be  brought  about  as  described  above,  or  by  the  action  of  some  depressing  agents,  e.g.,  potassic 
bromide.  These  ventricular  fibrillar  contractions  are  not  aff"ected  by  stimulation  of  the  vagus. 
Similar  electrical  stimulation  of  the  auricles  causes  a  fluttering  movement,  more  like  a  series 
of  contractions,  without  any  distinct  sign  of  inco-ordination.  These  auricular  movements  are 
arrested  by  stimulation  of  the  vagus  {Mac  William).^  If  the  auriculo-ventricular  groove  be 
compressed  so  as  to  cause  the  ventricle  of  a  frog's  heart  to  cease  to  beat,  on  placing  one  elec- 
trode of  a  constant  current  on  the  ventricular  wall  and  the  other  electrode  on  an  indifferent 
part  of  the  body,  we  obtain,  on  making  the  current,  a  systolic  contraction  of  the  ventricle  only 
when  the  cathode  touches  the  ventricle  ;  and  conversely  on  breaking,  only  when  the  anode  is 
on  the  heart  {Biedermann). 

When  a  single  induction  shock  is  applied  to  the  ventricle  of  a  frog's  heart  during  systole,  it 
has  no  apparent  effect  ;  but  if  it  is  applied  during  diastole,  the  succeeding  contraction  takes 
place  sooner.  The  auricles  and  also  the  apex  behave  in  a  similar  manner.  Whilst  they  are 
contracted,  an  induction  shock  has  no  effect  ;  if,  however,  the  stimulus  is  applied  during 
diastole,  it  causes  a  contraction,  which  is  followed  by  systole  of  the  ventricle.  Even  when  strong 
tetanising  induction  shocks  are  applied  to  the  heart,  they  do  not  produce  tetanus  of  the  entire 
cardiac  musculature,  or,  as  it  is  said,  "the  heart  knows  no  tetanus  "  {Kronecker  and  Stirling). 
Small  white,  local  weal-like  elevations — such  as  occur  when  the  intestinal  musculature  is 
stimulated — appear  between  the  electrodes.  They  may  last  several  minutes.  A  frog's  heart, 
which  yields  weak  and  irregular  contractions,  may  be  made  to  execute  regular  rhythmical  con- 
tractions synchronous  with,  the  stimuli,  if  electrical  stimuli  are  used  {Bowditch). 

[Break  induction  shocks,  if  of  sufficient  strength,  cause  the  heart  to  contract,  while  weak 
stimuli  have  no  eff'ect ;  on  the  other  hand,  moderate  stimuli,  when  they  do  cause  the  heart  to 
contract,  always  cause  a  maximal  contraction,  so  that  a  minimal  stimulus  acts  at  the  same  time 
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like  a  maximal  stimulus.    Tlie'heavt  either  contract?,  or  it  does  not  contract,  and  when  it  con- 
tracts the  result  is  always  a  "maximal  contraction  "  {Kronecker  and  Stirling).    Bowditch  tound 
that  the  excitability  of  the  heart  was  increased  by  its  own  movements,  so  that  alter  a  heart  had 
once  contracted,  the  strength  of  the  stimulus  required  to  excite  the  next  contraction  may  be 
ffreatlv  diminished,  and  yet  the  stimulus  be  effectual.    Usually  the  amplitude  of  the  first  beat 
to  produced  is  not  so  great  as  the  second  beat,  and  the  second  is  less  than  the  third  so  that  a 
"staircase"  ("Treppe     of  beats  of  successively  greater  extent  was  produced  (hg.  69).  Under 
certain  circumstances,  however,  a  skeletal  muscle  gives  contractions  of  a    staircase  character. 
This  staircase  arrangement  occurs  even  when  the  strength  of  the  stimulus  is  kept  constant,  so 
that  the  production  of  one  contraction  facilitates  the  occurrence  of  the  succeeding  one.  A 
staircase  arrangement  of  the  pulsations  is  also  seen  in  Luciani's  groups  (p.  94).    1  he  question, 
whether  a  stimulus  will  cause  a  contraction,  depends  upon  what  particular  phase  the  heart  is  m 
when  the  shock  is  applied.    Even  comparatively  weak  stimuli  will  cause  a  heart  to  contract, 
provided  the  stimuli  are  applied  at  the  proper  moment  and  in  the  proper  tempo        to  say,  they 
become  what  are  called  "infallible."    If  stimuli  are  applied  to  the  heart  at  intervals  which  are 
longer  than  the  time  the  heart  takes  to  execute  its  contraction,  they  are  effectual  or  adequate, 
but'if  they  are  applied  before  the  period  of  pulsation  comes  to  an  end,  then  they  are  metlectual 
(KronecTcer).    It  is  quite  clear,  therefore,  that  the  relation  of  the  strength  of  the  stimulus  to 
the  extent  of  the  contraction  of  the  cardiac  muscle  is  quite  different  from  what  occurs  m  a 
muscle  of  the  skeleton,  where  within  certain  limits  the  amplitude  of  the  contraction  bears  a 
relation  to  the  stimulus,  wdiile  in  the  heart  the  contraction  is  always  maximal.^ 

Human  Heart.  —V.  Ziemssen  found  that  he  could  not  alter  the  heart-beats  of  the  human 
heart  (Fvau  Serafin,  §  47,  3),  even  with  strong  induction-currents.  The  ventricular  diastole 
seemed  to  be  less  complete,  and  there  were  irregularities  in  its  contraction.  By  opening  and 
closing  or  by  reversing  a  strong  constant  current  applied  to  the  heart,  the  iiumber  ot  beats 
was  increased,  and  the  increase  corresponded  with  the  number  of  electrical  stimuli;  thus, when 
the  electrical  stimuli  were  120,  140,  180,  the  number  of  heart-beats  was  the  same  the  pulse 
beforehand  being  80.  The  normal  pulse-rate  of  80  was  reduced  to  60  and  50  when  the  number 
of  shocks  was  reduced  in  the  same  ratio.  [In  Frau  Serafin's  case  the  electrodes  were  applied  to 
the  heart,  separated  from  it  merely  by  the  pericardium.  Ziemssen  found  that  the  iaradic 
current  did  not  modify  tlie  heart's  action  when  the  thorax  was  intact,  but  that  the  constant 
current  did,  if  of  sufficient  strength.  Herbst  and  Dixon  Mann  obtained  negative  results  with 
both  kinds  of  electricity  in  the  normal  thorax.] 

(d)  Chemical  Stimuli.— Many  chemical  substances,  when  applied  in  a  dilute  solution  to  the 
inner  surface  of  the  heart,  increase  the  heart-beats,  while  if  they  are  concentrated,  or  allowed  to 
act  too  long,  they  diminish  the  heart-beats,  and  paralyse  it.  Bile,  and  bile  salts,  diminish  the 
heart-beats  (also  when  they  are  absorbed  into  the  blood  as  in  jaundice)  ;  m  very  dilute  solu- 
tions both  increase  the  heart-beats.  A  similar  result  is  produced  by  acetic,  tartaric,  citric,  and 
phosphoric  acids.  Chloroform  and  ether,  applied  to  the  inner  surface  rapidly  dimmish  the 
heart-beats,  and  then  paralyse  it;  but  very  small  quantities  of  ether  (1  percent.)  accelerate 
the  heart-beat  of  the  frog  {Kronecker  and  M'Gregor-Rohertson),  a  solution  ot_  1^  to 

2  per  cent,  passed  through  the  heart  arrests  it  temporarily  or  completely.  Dilute  solutions  ot 
opium,  strychnia,  or  alcohol  applied  to  the  endocardium  increase  the  heart-beats;  if  concen- 
ti  ated  they  rapidly  arrest  its  action.  Chloral-hydrate  paralyses  the  heart.  [Normal  saline  (0  ^6  per 
cent.)  fails  to  sustain  ventricular  contractions  in  the  excised  batrachian  and  eel  s  heart.  When 
the  saline  is  perfused  through  the  heart,  in  about  twenty  minutes  the  heart  ceases  to  beat 
spontaneously:  and  is  inexcitable  to  strong  induction  shocks  ;  but  the  weakened  action  may  be 
revived  by  perfusing  normal  saline  saturated  with  calcium  phosphate  and  containing  a  trace  ot 
potassium  chloride  (Ringer).]  -u     f     -   i,  .4. 

Action  of  Gases.— When  blood  containing  different  gases  was  passed  through  a  frog  s  heait, 
Klua  found  that  blood  containing  sulphurous  acid  rapidly  and  completely  killed  the  heart; 
chlorine  stimulated  the  heart  at  first,  and  ultimately  killed  it  ;  and  laughing-gas  rapidly  killed 
it  also.  Blood  containing  sulphuretted  hydrogen  paralysed  the  heart  without  stimulating  it 
Carbonic  oxide  also  paralysed  it,  but  if  fresh  blood  was  transfused  the  heart  recovered  [Blood 
containing  0  excites  the  heart  {Castell),  while  the  presence  of  much  CO^  paralyses  it,  and  the 
presence  of  CO.  is  more  injurious  than  the  want  of  0.  Blood  or  serum  completely  saturated 
with  CO2  exhausts  the  heart  {Saltet  and  Kronecker),  but  it  recovers  itself  when  the  COg  is 
removed.    H  and  N  have  no  effect.]  .  ,   «.  .  +;i  „ 

Cardiac  Poisons  are  those  substances  whose  action  is  characterised  by  special  effects  upon  the 
movements  of  the  heart.  Amongst  these  are  neutral  potash  salts,  which  cause  the  heart  to 
stand  still  in  diastole.  [An  excised  frog's  heart  ceases  to  beat  after  one -half  to  one  minute  when 
it  is  placed  in  a  2  per  cent,  solution  of  potassic  chloride.]  Even  a  very  dilute  solution  ot  yellow 
prussiate  of  potash  injected  into  the  heart  of  a  frog  causes  the  ventricle  to  stand  still  in  systole. 
Antiar  (Java  arrow-poison)  causes  the  ventricle  to  stand  still  in  systole  and  the  auricles  m 
diastole.  Some  heart-poisons,  in  small  doses,  diminish  the  heart's  action  and  m  large  doses 
not  unfrequently  accelerate  it,  e.g.,  digitalis,  morphia,  nicotin.  Others,  when  given  in  small 
doses,  accelerate  its  action,  and  in  large  doses  slow  it— veratria,  aconitin,  camphor. 
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Special  Actions  of  Cardiac  Poisons.— The  complicated  actions  of  various  poisons  upon  the 
heart  have  led  observers  to  suppose  that  there  are  various  intra-cardiac  mechanisms  on  which 
these  substances  may  act.  Besides  the  muscular  fibres  of  the  heart  and  its  automatic  ganglia, 
some  toxicologists  assume  that  there  are  inldhitorij  ganglia  into  which  the  inhibitory  fibres  of 
the  vagus  pass,  and  accelerator  ganglia,  which  'are  connected  with  the  accelerating  nerve-fibres 
of  the  heart.  Both  the  inhibitory  and  accelerator  ganglia  are  cojineded  with  the  automatic  ganglia 
by  conducting  channels. 

Muscarin  and  all  other  trimethylammonium  bases  stimulate  permanently  the  inhibitory 
ganglia,  so  that  the  heart  stands  still  {Schmiedeberg  and  Koiopc).  According  to  Gaskell,  how- 
ever, when  the  action  of  the  sinus  is  arrested  by  muscarin,  there  is  no  defieetion  of  the  galvano- 
meter similar  to  that  produced  by  the  excitation  of  the  vagus.  He  infers  that  muscarin  does  not 
cause  arrest  of  the  beat  by  acting  as  an  excitant  of  inhibitory  mechanisms,  but  as  a  depressant 
to  motor  activity.]  As  atropin  and  daturin  paralyse  these  ganglia,  the  standstill  of  the  heart 
brought  about  by  muscarin  may  be  set  aside  by  atropin.  [If  a  frog's  heart  be  excised  and  placed 
in  a  watch-glass,  and  a  few  drops  of  a  very  dilute  solution  of  muscarin  be  placed  on  it  with  a 
pipette,  it  ceases  to  beat  within  a  few  minutes,  and  will  not  beat  again.  _  If,  however,  the 
muscarin  be  removed,  and  a  solution  of  atropin  applied  to  the  heart,  it  will  resume  its  con- 
tractions after  a  short  time.]  Physostigmin  or  Calabar  bean  excites  the  energy  of  the  cardiac 
muscle  to  such  an  extent  that  stimulation  of  the  vagus  no  longer  causes  the  heart  to  stand  still . 
lodine-aldehyd,  chloroform,  and  chloral-hydrate  paralyse  the  automatic  ganglia.  The  heart 
stands  still,  and  it  cannot  be  made  to  contract  again  by  atropin.  The  cardiac  muscle  itself 
remains  excitable  after  the  action  of  muscarin  and  iodine-aldehyd,  so  that  if  it  be  stimulated 
it  contracts.  [According  to  Gaskell,  antiarin  and  digitalin  solutions  produce  an  alteration  in 
the  condition  of  the  muscular  tissue  of  the  apex  of  the  heart  of  the  same  nature  as  that  pro- 
duced by  the  action  of  a  very  dilute  alkali  solution,  while  the  action  of  a  blood-solution  contain- 
ing muscarin  closely  resembles  that  of  a  dilute  acid  solution  (p.  110,  §  65).] 

[Some  Cardiac  Poisons—  The  cardiac  muscle  is  stimulated,  i.e.,  its  contractions  become  more 
energetic,  the  rate  of  heart-beat  remaining  the  same  or  becoming  slower — under  the  influence 
of  veratria,  digitalin,  strophanthus,  antiarin,  &c.,  while  it  is  depressed— as  shown  by  diminished 
energy  of  contraction,  and  with  final  stoppage  in  diastole — by  muscarin,  pilocarpin,  saponin, 
apomorphin,  potash  salts  in  large  doses,  &c.  Guanidin,  physostigmin,  and  camphor  will  cause 
the  heart  to  beat  rhythmically  after  complete  still-stand  in  diastole  by  muscarin.] 

On  the  theory  that  inhibitory  ganglia  are  present  in  the  heart,  the  following  drugs — 
muscarin  and  physostigmin — by  stimulating  these  ganglia  cause  arrest  of  heart's  beat  in 
diastole,  but  the  heart  still  contracts  to  a  mechanical  or  electrical  stimulus.  These  ganglia  are 
depressed  or  paralysed  by  atropin,  spartein,  duboisin,  hyoscyamin,  daturin,  as  shown  by  the 
fact  that  stimulation  of  the  vagus  or  the  sinus  venosus  no  longer  arrests  the  heart's  action,  nor 
does  the  application  of  muscarin  cause  any  effect. 

Nicotin,  saponin,  and  curare  depress  or  paralyse  the  vagus-ends  in  the  heart,  as  shown  by  the 
fact  that  stimulation  of  the  vagus  itself  no  longer  slows  or  arrests  the  heart,  while  muscarin 
applied  to  the  heart,  or  stimulation  of  the  sinus  venosus,  will  do  so. 

Drugs,  besides  acting  directly  on  the  cardiac  muscle,  or  its  intra-cardiac  nerve-ends  and 
ganglia,  may  influence  the  heart  in  many  other  ways.  One  of  these  is  by  their  action  on  the 
vagus  centre  in  the  medulla  oblongata,  as  shown  by  the  fact  that  if  they  stimulate  this  centre 
the  slowing  of  the  heart-beats  thereby  produced  disappears  after  the  vagi  are  cut.  Amongst 
drugs  acting  in  this  way  are  digitalis  and  aconite  (after  Boehm  and  Brunton).  ] 

[Nature  of  a  Cardiac  Contraction. — Tlie  question  as  to  whether  this  is  a  simple 
contraction  or  a  compound  tetanic  contraction  has  been  much  discussed.  So 
much  is  certain,  that  the  systolic  contraction  of  the  heart  is  of  very  much  longer 
duration  (8  to  10  times)  than  the  contraction  of  a  skeletal  muscle  produced  by 
stimulation  of  its  motor  nerve.  When  the  sciatic  nerve  of  a  nerve-muscle  pre- 
paration is  adjusted  upon  a  contracting  heart,  a  simple  secondary  twitch  of  the 
limb,  and  not  a  tetanic  spasm,  is  produced  when  the  heart  (auricle  or  ventricle) 
contracts.  This  of  itself  is  not  sufficient  proof  that  the  systole  is  a  simple  spasm, 
for  tetanus  of  a  muscle  does  not  in  all  cases  give  rise  to  secondary  tetanus  in  the 
leg  of  a  rheoscopic  limb.  Thus,  a  simple  "  initial "  contraction  occurs  when  the 
nerve  is  applied  to  a  muscle  tetanised  by  the  action  of  strychnia,  and  the  contracted 
diaphragm  gives  a  similar  result.  The  question  whether  the  heart  can  be  tetanised 
has  been  answered  in  the  negative,  and  as  yet  it  has  not  been  shown  that  the 
heart  can  be  tetanised  in  the  same  way  that  a  skeletal  muscle  is  tetanised.] 

[MacWilliam  finds,  when  the  quadriceps  extensor  cruris  contracts  to  cause  the  knee-jerk, 
that  a  sound  similar  to  the  first  sound  of  the  heart  is  heard.  As  the  former  is  regarded  as  a 
simple  contraction,  it  is  argued  that  a  simple  contraction  can  produce  a  muscle-sound.  Fredericq 


lOO 


CARDIO-PNEUMATIC  MOVEMENT. 


[Sec.  58. 


regards  the  ventricular  systole  not  as  a  simple  contraction,  but  as  composed  of  three  or  more 
fused  contractions  corresponding  to  tetanus.  This  he  concludes  from  a  study  of  cardiograms  as 
well  as  from  the  electro-motive  phenomena  of  the  heart.] 

The  peripheral  or  extra-cardiac  nerves  (§§  369  and  370). 

59.  CARDIO-PNEUMATIC  MOVEMENT.— As  the  heart  within  the  thorax 
occupies  a  smaller  space  during  the  systole  than  during  the  diastole,  it  follows  that 
when  the  glottis  is  open  air  must  be  drawn  into  the  chest  when  the  heart  contracts; 
whenever  the  heart  relaxes,  i.e.,  during  diastole,  air  must  be  expelled  through  the 
open  o-lottis.  But  we  must  also  take  into  account  the  degree  to  which  the  larger 
intrathoracic  vessels  are  filled  with  blood.  These  movements  of  the  air  withm  the 
lungs  although  sHght,  seem  to  be  of  importance  in  hybernatmg  animals,  in 
animals  in  this  condition  the  agitation  of  the  gases  in  the  lungs  favours  the 
exchange  of  CO,  and  0  in  the  lungs,  and  this  slow  current  of  air  is  sufficient  to 
aerate  the  blood  passing  through  the  lungs.  [Ceradini  called  the  diminution  of  the 
volume  of  the  entire  heart  which  occurs  during  systole  meiocardia,  and  tne 
subsequent  increase  of  volume,  when  the  heart  is  distended  to  its  maximum, 
auxocardia.] 

Method.-^  manometric  flame  may  be  used.  Insert  one  limb  of  a  Y-tube  into  the  opened 
trachea  of  an  animal,  while  the  other  limb  passes  to  a  small  gas-jet  and  connect  the  other 
tube  with  the  gas  supply.  The  movements  of  the  heart  affect  the_  column  of  gas,  and  thus 
affect  the  flame  It  may  also  be  done  in  man  by  inserting  the  tube  into  one  nostril  while  the 
other  nostril  and  the  mouth  are  closed.  [A  simpler  and  less  irri  atmg  plan  is  to  fill  a  wide 
curved  glass-tube  with  tobacco  smoke,  and  insert  one  end  of  the  tube  into  one  nostril  while  the 
other  nostril  and  the  mouth  are  closed.  If  the  glottis  be  kept  open,  and  respiration  be  stopped 
then  the  movements  of  the  column  of  smoke  within  the  tube  are  obvious.  Or  a  manometei 
containing  a  drop  of  a  coloured  fluid  may  be  used  under  the  same  conditions.] 

The  cafdiac  pneumograph  (fig.  75)  consists  of  a  tube  (D),  about  1  inch  m  diameter  and 
6  to  8  inches  in  length ;  the  tube  is  bent  at  a  right  angle  and  communicates  with  a  small  metal 
capsule  about  the  size  of  a  saucer  (T),  over  which  a  membrane  composed  collo^^o^-ff^^^^.«^^,«^^ 
oil  is  loosely  stretched.    To  this  membrane  is  attached  a  glass-rod  (H)  used  as  a  writing-style, 


Fig.  75. 

Landois'  cardio-pneumograph,  and  the  curves  obtained  therewith.  A  and  B,  from  man;  1  and 
2  correspond  to  the  periods  of  the  first  and  second  heart-sounds  ;  C,  from  dog  ;  D,  method 
of  using  the  apparatus. 

which  records  its  movements  on  a  glass-plate  (S)  moved  by  clock-work     A  small  ^alje  (f  )  is 
placed  on  the  side  of  the  tube  (D).  which  enables  the  experimenter  to  breathe  when  necessary 
The  tube  (D)  is  held  in  an  air-tight  manner  between  the  ips  the  nostrils  being  closed,  the 
glottis  open,  and  respiration  stopped.    In  the  curves  (fig.  75,  A,B)      observe  that- 
^  (1)  At  the  momeAtofthe  first  sound  (1)  the  respiratory  gases  undergo  a  sharp  expiratory 
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movcnieut,  because  at  the  moment  of  the  first  part  of  the  ventricular  systole  the  blood  of  the 
ventricle  has  not  left  the  thorax,  while  venous  blood  is  streaming  into  the  right  auricle  through 
the  venae  cavse,  and  because  the  dilating  branches  of  the  pulmonary  artery  compress  the 
accompanying  bronchi.  The  blood  of  the  right  ventricle  has  not  yet  left  the  thorax,  it  passes 
merely  into  the  pulmonary  circuit.  The  expiratory  movement  is  diminished  somewhat  (a)  by 
the  muscular  mass  of  the  ventricle  occupying  slightly  less  bulk  during  the  contraction,  and  {ß) 
owing  to  the  thoracic  cavity  being  slightly  increased  by  the  fifth  intercostal  space  being  pushed 
forward  by  the  cardiac  impulse. 

(2)  Immediately  after  (1)  there  follows  a  strong  inspiratory  current  of  the  respiratory  gases. 
As  soon  as  the  blood  from  the  root  of  the  aorta  reaches  that  part  of  the  aorta  lying  outside  the 
thorax,  more  blood  leaves  the  chest  than  passes  into  it  simultaneously  through  the  vense  cava?. 

(3)  After  the  second  sound  (at  2),  indicated  sometimes  by  a  slight  depression  in  the  apex  of 
the  curve,  the  arterial  blood  accumulates,  and  hence  there  is  another  expiratory  movement  in 
the  curve. 

(4)  The  peripheral  wave-movements  of  the  blood  from  the  thorax  cause  another  inspiratory 
movement  of  the  gases. 

(5)  More  blood  flows  into  the  chest  through  the  veins,  and  the  next  heart-beat  occurs. 

60.  INFLUENCE  OF  THE  RESPIRATORY  PRESSURE  ON  THE  HEART. 

The  variation  in  pressure  to  which  all  the  intra-thoracic  organs  are  subjected, 
■owing  to  the  increase  and  decrease  in  the  size  of  the  chest  caused  by  the  respiratory 
movements,  exerts  an  influence  on  the  movements  of  the  heart.  Examine  first  the 
relations  in  different  ^ass^Ve  conditions  of  the  thorax,  when  the  glottis  is  open. 

The  diastolic  dilatation  of  the  cavities  of  the  heart,  besides  the  pressure  of 
the  venous  blood  and  the  elastic  stretching  of  the  relaxed  muscle- wall,  is  funda- 
mentally due  to  the  elastic  traction  of  the  lungs.  This  is  stronger  the  more  the 
lungs  are  distended  (inspiration),  and  is  less  active  the  more  the  lungs  are  con- 
tracted (expiration).    Hence  it  follows  : — 

(1)  When  the  greatest  possible  expiratory  effort  is  made  (of  course,  with  the 
glottis  open),  only  a  small  amount  of  blood  flows  into  the  heart ;  the  heart  in 
diastole  is  small  and  contains  a  small  amount  of  blood.  Hence  the  systole  must 
also  be  small,  thus  causing  a  small  pulse-beat. 

(2)  On  taking  the  greatest  possible  inspiration  (with  the  glottis  open),  and 
therefore  causing  the  greatest  stretching  of  the  elastic  tissue  of  the  lungs,  the  elastic 
traction  of  the  lungs  is,  of  course,  greatest  =  30  mm.  Hg,  and  may  interfere  with 
the  contraction  of  the  thin-walled  atria  and  appendices,  in  consequence  of  which 
these  cavities  do  not  completely  empty  themselves  into  the  ventricles.  The  heart 
is  in  a  state  of  great  diastolic  distension,  and  filled  with  blood ;  nevertheless,  in 
consequence  of  the  limited  action  of  the  auricles,  only  small  pulse-beats  are 
observed.  In  several  individuals  Donders  found  the  pulse  to  be  smaller  and 
slower ;  afterwards  it  became  larger  and  faster. 

(3)  When  the  chest  is  in  a  position  of  moderate  rest,  whereby  the  elastic  traction 
is  moderate  =  7 '5  mm.  Hg,  we  have  the  condition  most  favourable  to  the  action  of 
the  heart — sufficient  diastolic  dilatation  of  the  cavities  of  the  heart,  as  well  as 
unhindered  emptying  of  them  during  systole.  ; 

Voluntary  increase  or  diminution  of  the  intra-thoracic  pressure  affects  the 
action  of  the  heart. 

(1)  Valsalva's  Experiment  (1740). — If  the  thorax  is  fixed  in  the  position  of 
deepest  inspiration,  and  the  glottis  be  then  closed,  and  if  a  powerful  expiratory 
effort  be  made  by  bringing  into  action  all  the  expiratory  muscles,  so  as  to  contract 
the  chest,  the  cavities  of  the  heart  are  so  compressed  that  the  circulation  of  the 
blood  is  temporarily  interrupted.  In  this  expiratory  phase  the  elastic  traction  is 
very  limited,  and  the  air  in  the  lungs  being  under  a  high  pressure  also  acts  upon 
the  heart  and  the  intra-thoracic  great  vessels.  'No  blood  can  pass  into  the  thorax 
from  without ;  hence  the  visible  veins  swell  up  and  become  congested,  the  blood 
in  the  lungs  is  rapidly  forced  into  the  left  ventricle  by  the  compressed  air  in  the 
lungs,  and  the  blood  soon  passed  out  of  the  chest,  so  that  the  heart  and  lungs 
contain  little  blood,  thus  leading  to  a  greater  supply  of  blood  in  the  systemic  than 
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The  heart-sounds  disappear, 


and  the 


in  the  puhnonary  circulation  and  the  heart. 

pulse  is  absent  (K  H.  Weher,  Bonders).  ...        .  ■^^ 

(2)  J  Müller's  Experiment  (1838).— Conversely,  if  after  the  deepest  possible 
expiration  the  glottis  be  closed,  and  the  chest  be  now  dilated  with  a  great 
inspiratory  effort,  the  heart  is  powerfully  dilated,  the  elastic  traction  of  the  lungs, 
and  the  very  attenuated  air  in  these  organs,  act  so  as  to  dilate  the  cavities  ot  the 
heart.  More  blood  flows  üito  the  right  heart,  and,  in  proportion  as  the  right, 
auricle  and  ventricle  can  overcome  the  traction  outwards,  the  blood-vessels  o±  the 
lungs  become  filled  with  blood,  and  thus  partly  occupy  the  lung-space.  Much  less 
blood  is  driven  out  of  the  left  heart,  so  that  the  pulse  may  disappear.  Hence  the 
heart  is  distended  with  blood  and  the  lungs  are  congested,  while  the  aortic  system 


Fig.  76. 

Apparatus  for  demonstrating  tlie  action  of  expiration  (I.),  and  inspiration  (IL),  on  the  heart  and 
blood-stream.  P,  p,  lungs  ;  H,  h,  heart ;  L,  I,  closed  glottis  ;  M,  m,  manometers  ;  E,  c, 
ingoing  blood-stream,  vein  ;  A,  a,  outgoing  blood-stream,  artery;  D,  diaphragm  during 
expiration  ;  d,  during  inspiration. 

contains  a  small  amount  of  blood,  i.e.,  the  systemic  circulation  is  comparatively 
empty,  while  the  heart  and  the  pulmonary  vessels  are  engorged  with  blood. 

In  normal  respiration,  the  air  in  the  lungs  during  inspiration  is  under  slight 
pressure,  while  during  expiration  the  pressure  is  higher,  so  that  these  conditions 
favour  the  circulation;  inspiration  favours  the  occurrence  of  diastole,  the  supply  of 
blood  (and  lymph)  through  the  venae  cavse.  In  operations  where  the _  axillary  or 
jugular  vein  is  cut,  air  may  be  sucked  into  the  circulation  during  inspiration,  and 
cause  death.  Expiration  favours  the  flow  of  blood  in  the  aorta  and  its  branches, 
and  aids  the  systolic  emptying  of  the  heart. 

The  elastic  traction  of  the  lungs  aids  the  lesser  circulation  through  the  lungs ; 
the  blood  of  the  pulmonary  capillaries  is  exposed  to  the  pressure  of  the  air  m  the 
lungs,  while  the  blood  in  the  pulmonary  veins  is  exposed  to  a  less  pressure,  as  the 
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elastic  traction  of  the  lungs,  by  dilating  the  left  auricle,  favours  the  outflow  from 
the  capillaries  into  the  left  auricle.  The  elastic  traction  of  the  lungs  acts  slightly 
as  a  disturbing  agent  on  the  right  ventricle,  and  therefore,  on  the  movement  of 
blood  through  the  pulmonary  artery,  owing  to  the  overpowering  force  of  the  blood- 
stream through  the  pulmonary  artery,  as  against  the  elastic  traction  of  the  lungs 
[Bonders). 

The  above  apparatiis  (fig.  76)  shows  the  eflfect  of  the  inspiratory  and  expiratory  movements 
on  the  dilatation  of  the  heart,  and  on  the  blood-stream  in  the  large  blood-vessels.  The  large 
glass  vessel  represents  the  thorax  ;  the  elastic  membrane,  D,  the  diaphragm;  P,  p,  the  lungs  ; 
L,  the  trachea  siipphed  with  a  stop-cock  to  represent  the  glottis  ;  H,  the  heart ;  E,  the  vena? 
cavEe  ;  A,  the  aorta.  If  the  glottis  be  closed,  and  the  expiratory  phase  imitated  by  pushing  up 
D  as  in  I.,  the  air  in  P.  P  and  the  heart  H  are  compressed,  the  venous  valve  closes,  the  arterial 
is  opened'  and  the  fluid  is  driven  out  through  A.  The  manometer,  M,  indicates  the  intra- 
thoracic pressure.  If  the  glottis  be  closed,  and  the  inspiratory  phase  imitated,  as  in  IL,  p,xi, 
and  h  are  dilated,  the  venous  valve  opens,  the  arterial  valve  closes  ;  hence,  venous  blood  flows 
from  e  into  the  heart.  Thus,  inspiration  always  favours  the  venous  stream,  and  hinders  the 
arterial ;  while  expiration  hinders  the  venous,  and  favours  the  arterial  stream.  It'  the  l^lott^s 
L  and  I  be  open,  the  air  in  P,  P,  p,p,  will  be  changed  during  the  respiratory  movements  D  and 
d,  so  that  the  action  on  the  heart  and  blood-vessels  will  be  diminished,  but  it  will  still  persist, 
although  to  a  much  less  extent. 


The  Circulation  of  the  Blood. 

61.  FLOW  OF  FLUIDS  THEOITGH  TUBES. —Toricelli's  Theorem  states  that  the  velocity  of 
efflux  {v)  of  a  fluid— through  an  opening  at  the  bottom  of  a  cylindrical  vessel— is  exactly  the 
same  as  the  velocity  which  a  body  falling  freely  would  acquire,  were  it  to  fall  from  the  surface 
of  the  fluid  to  the  base  of  the  orifice  of  the  outflow.  If  h  be  the  height  of  the  propelling 
force,  the  velocity  of  efflux  is  given  by  the  formula — 

v  =  \/^i  (where  9'  =  9 '8  metres). 
The  rapidity  of  outflow  increases  with  increase  in  the  height  of  the  propelling  force,  h.  _  The 
former  occurs  in  the  ratio  1,  2,  3,  when  h  increases  in  the  ratio  1,  4,  9,  i.e.,  the  velocity  of 
efflux  is  as  the  square  root  of  the  height  of  the  propelling  force.  Hence  it  follows  that  the 
velocity  of  efllux  depends  upon  the  height  of  the  liquid  above  the  orifice  of  outflow,  and  not 
upon  the  nature  of  the  fluid.  • 
Eesistance.— Toricelli's  theorem,  however,  is  only  valid  when  all  resistance  to  the  outflow  is 
absent  ;  but  in  every  physical  experiment  such  resistance  exists.  Hence,  the  propelling  force, 
h  has  not  only  to  cause  the  efflux  of  the  fluid,  but  has  also  to  overcome  resistance.  These  two 
forces  may  be  expressed  by  the  heights  of  two  columns  of  water  placed  over  each  other,  viz.,  by 
the  height  of  the  column  of  water  causing  the  outflow,  F,  and  the  height  of  the  column,  D, 
which  overcomes  the  resistance  opposed  to  the  outflow  of  the  fluid.    So  that 

A  =  F-f-D. 

62.  VELOCITY  OF  THE  CURRENT.  RESISTANCE.- In  the  case  of  a  fluid  flowing  through 
a  tube,  which  it  fills  completely,  we  have  to  consider  the  propelling  force,  h,  causing  the  fluid 
to  flow  through  the  various  sections  of  the  tube.  The  amount  of  the  propelling  force  depends 
upon  two  factors : —  ^      .        x  ■  -u 

(1)  On  the  velocity  of  the  current,  v  ;  (2)  on  fhe  pressure  (amount  of  resistance)  to  which  the 
fluid  is  subjected  at  the  various  parts  of  the  tube,  D. 

(1)  The  velocity  of  the  current,  v,  is  estimated— (a)  from  the  lumen,  I,  of  the  tube  ;  and  (b) 
from  the  quantity  of  fluid,  q,  which  flows  through  the  tube  in  the  unit  of  time.  So  that  v  =  q  :  I. 
Both  values,  q  as  well  as  I,  can  be  accurately  measured.    (The  circumference  of  a  circular  tube, 

whose  diameter  =  is  3-14  d.  The  sectional  area  (lumen  of  the  tube)  is  l  =  —^d^).  Having  in 
this  way  determined  v,  from  it  we  may  calculate  the  height  of  the  column  of  fluid,  F,  which 
will  give  this  velocity,  i.e.,  the  height  from  which  a  body  must  fall  in  vacuo,  in  order  to  attain 
the  velocity  v.  In  this  case  r  =  |^  where  g'  =  the  distance  traversed  by  a  falling  body  in  1  sec. 
=  4 '9  inGtrps). 

(2)  The  pressure,  D  (amount  of  resistance),  is  measured  directly  by  placing  manometers  at 
different  parts  of  the  tube  (fig.  78). 
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The  propelling  force  at  uny  part  of  the  tube  is — 

7i  =  F  +  D 


4.9 


+  D  {Bonders). 


This  is  proved  experimentally  by  taking  a  tall  cylindrical  vessel,  A,  of  sufficient  size,  which  is 
kept  filled  with  water  at  a  constant  level,  h.  The  rigid  outflow  tube,  ab,  has  in  connection  with 
it  a  number  of  tubes  placed  vertically,  1,  2,  3,  constituting  a  piezometer.    At  the  end  of  the 


I  I  ]IE 

Fig.  77.  Fig.  78. 

Cylindrical  vessel  filled  with  water.  A,  cylindrical  vessel  filled  with  water  ;  a&, 

h,  height  of  the  column  of  fluid  ;  outflow  tube,  along  which  are  placed 

D,  height  required  to  overcome  at  intervals  vertical  tubes,  1,  2,  3,  to 

the  resistance  ;   F,  height  cans-  estimate  the  pressure, 

ing  the  efilux. 

tube,  b,  there  is  an  opening  with  a  short  tube  tixed  in  it,  from  which  the  water  issues  to  a  con- 
stant height,  provided  the  level  of  h  is  kept  constant.  The  height  to  which  it  rises  depends  on 
the  height  of  the  column  of  fluid  causing  the  velocity,  F.  As  the  pressure  in  the  manometric 
tubes,  'D\  D^,  D^,  can  be  read  off"  directly,  the  propelling  force  of  the  water  at  the  sections  of 
the  tubes,  I,  II,  III,  is — 

7t  =  F  +  Di  ;  F  +  D-^  ;  F  +  D». 

At  the  end  of  the  tube,  b,  where  D'*  =  0,  h=¥  +  0,  i.e.,  h  =  F.  In  the  cylinder  itself  it  is  the 
constant  pressure,  h,  which  causes  the  movement  of  the  fluid.  It  is  clear  that  the  propelling 
force  of  the  water  gradually  diminishes  as  we  pass  from  the  inflow  towards  the  outflow  of  the 
tube,  b.  The  water  in  the  pressure-cylinder,  falling  from  the  height,  h,  only  rises  as  high  as  F 
at  b.  This  diminution  of  the  propelling  power  is  due  to  the  presence  of  resistances,  which  oppose 
the  current  in  the  tube,  i.e.,  part  of  the  energy  is  transformed  into  heat.  As  the  propelling 
force  at  b  is  represented  only  by  F,  while  in  the  vessel  it  is  h,  the  difference  must  be  due  to  the 
sum  of  the  resistances,  D  =  /i-F  ;  hence  it  follows  that  h  =  F  +  'D. 

Estimation  of  the  Resistance. — When  a  fluid  flows  through  a  tube  of  uniform  calibre,  the 
propelling  force,  h,  diminishes  from  point  to  point  on  account  of  the  uniformly  acting  resist- 
ance, hence  the  sum  of  the  resistance  in  the  whole  tube  is  directly  proportional  to  its  length. 
In  a  uniformly  wide  tube,  fluid  flows  through  each  sectional  area  with  equal  velocity,  hence  v 
and  also  F  are  equal  in  all  parts  of  the  tube.  The  diminution  which  h  (propelling  force) 
undergoes  can  only  occur  from  a  diminution  of  pressure  D,  as  F  remains  the  same  throughout 
(and  X  =  F  +  Ü).  Experiment  with  the  pressure-cylinder  shows  that  the  pressure  towards 
the  outflow  end  of  the  tube  gradually  diminishes.  In  a  uniformly  wide  tube,  the  height  of  the 
presswe  in  the  manometers  expresses  the  resistances  opposed  to  the  current  of  fluid  which  it  has  to 
overcome  in  its  course  from  the  point  investigated  to  the  free  orifice  of  efflux. 

Nature  of  the  Resistance. — The  resistance  opposed  to  the  flow  of  a  fluid  depends  upon  the 
cohesion  of  the  particles  0^  tYie  ^w\<i  d^mongfit  themselves.  During  the  current,  the  outer  layer 
of  fluid  which  is  next  the  wall  of  the  tube,  and  which  moistens  it,  is  at  rest.  All  the  other 
layers  of  fluid,  which  may  be  represented  as  so  many  cylindrical  layers,  one  inside  the  other, 
move  more  rapidly  as  we  proceed  towards  the  axis  of  the  tube,  the  axial  thread  or  stream 
being  the  most  rapidly  moving  part  of  the  liquid.  On  account  of.  the  movement  of  the 
cylindrical  layers,  one  within  the  other,  a  part  of  the  propelling  energy  must  be  used  up.  The 
amount  of  the  resistance  greatly  depends  upon  the  amoimt  of  the  cohesive  force  which  the 
particles  of  the  fluid  have  for  each  other  ;  the  more  firmly  the  particles  cohere  the  greater  will 
be  the  resistance,  and  vice  versd.  Hence,  the  sticky  blood-current  experiences  greater  resist- 
ance than  water  or  ether. 
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Heat  diminishes  the  cohesion  of  the  particles,  hence  it  also  diminishes  the  resistance  to  the 
onflow.  These  resistances  are  first  developed  by,  and  result  from,  the  movement  of  the  particles 
of  the  fluid,  they  being,  as  it  were,  torn  from  each  other.  The  more  rapid  the  current,  therefore, 
i.e.,  the  larger  the  number  of  particles  of  fluid  which  are  pulled  asunder  in  the  unit  of  time,  the 
greater  will  be  the  sum  of  the  resistance.  As  the  layer  of  fluid  lying  next  the  tubes,  and  moisten- 
ing it,  is  at  rest,  the  material  which  composes  the  tube  exerts  no  influence  on  the  resistance. 

Tubes  of  Unequal  Diameter. — When  the  velocity  of  the  current  is  uniform,  the  resistance 
depends  upon  the  diameter  of  the  tube — the  smaller  the  diameter  the  greater  the  resistance, 
the  greater  the  diameter  the  less  the  resistance.  The  resistance  in  narrow  tubes,  however, 
increases  more  rapidly  than  the  diameter  of  the  tube  decreases,  as  has  been  proved  experi- 
mentally. In  tubes  of  unequal  calibre,  at  different  parts  of  their  course,  the  velocity  of  the 
current  varies— it  is  slower  in  the  wide  part  of  the  tube  and  more  rapid  in  the  narrow  parts. 
As  a  general  rule,  in  tubes  of  unequal  diameter  the  velocity  of  the  current  is  inversely  pro- 
portional to  the  diameter  of  the  corresponding  section  of  the  tube  ;  i.e.,  if  the  tube  be 
cylindrical,  it  is  inversely  proportional  to  the  square  of  the  diameter  of  the  circular  transverse 
section.  In  tubes  of  uniform  diameter,  the  propelling  force  of  the  moving  fluid  diminishes 
uniformly  from  point  to  point,  but  in  tiibes  of  unequal  calibre  it  does  not  diminish  imiformly. 
As  the  resistance  is  greater  in  narrow  tubes,  of  course  the  propelling  force  must  diminish  more 
rapidly  in  them  than  in  wide  tubes.  Hence,  within  the  wide  parts  of  the  tube  the  pressure  is 
greater  than  the  sum  of  the  resistances  still  to  be  overcome,  while  in  the  narrow  portions  it  is 
less  than  these. 

Tortuosities  and  bending  of  the  vessels  add  new  resistance,  and  the  fluid  presses  more 
strongly  on  the  convex  side  than  on  the  concave  side  of  the  bend,  and  there  the  resistance  to 
the  flow  is  greater  than  on  the  concave  side. 

Division  of  a  tube  into  two  or  more  branches  is  a  source  of  resistance,  and  diminishes  the 
propelling  power.  When  a  tube  divides  into  two  smaller  tubes,  of  course  some  of  the  particles 
of  the  fluid  ai-e  retarded,  while  others  are  accelerated  on  account  of  the  unequal  velocities  of 
the  diflerent  layers  of  the  fluid.  Many  particles  which  had  the  greatest  velocity  in  the  axial 
layer  come  to  lie  more  towards  the  side  of  the  tube  where  they  move  more  slowly  ;  and  con- 
versely many  of  those  lying  in  the  outer  layers  reach  the  centre,  where  they  move  more 
rapidly.  Hence,  some  of  the  propelling  force  is  used  up  in  this  process,  and  the  pulling 
asunder  of  the  particles  where  the  tube  divides  acts  in  a  similar  manner.  If  two  tubes  join 
to  form  one  tube,  new  resistance  is  thereby  caused,  which  must  diminish  the  propelling  force. 
The  sum  of  the  mean  velocities  in  both  branches  is  independent  of  the  angle  at  which  the 
division  takes  place  {Jacobson).  If  a  branch  be  opened  from  a  tube,  the  principal  current  is 
accelerated  to  a  considerable  extent,  no  matter  at  what  angle  the  branch  may  be  given  off. 

63.  FLOW  IN  CAPILLARY  TUBES.— Poiseuille  proved  experimentally  that  the  flow  in 
the  capillaries  is  subject  to  special  conditions — 

(1)  The  quantity  of  fluid  which  flows  out  of  the  same  capillary  tube  is  proportional  to  the 
pressure. 

(2)  The  time  necessary  for  a  given  quantity  of  fliiid  to  flow  out  (with  the  like  pressure, 
diameter  of  tube  and  temperature),  is  proportional  to  the  length  of  the  tubes. 

(3)  The  product  of  the  outflow  (other  things  being  equal)  is  as  the  fourth  power  of  the 
diameter. 

(4)  The  velocity  of  the  current  is  proportional  to  the  pressure  and  to  the  square  of  the 
diameter,  and  inversely  proportional  to  the  length  of  the  tube. 

(5)  The  resistance  in  the  capillaries  is  proportional  to  the  velocity  of  the  current. 

64.  FLOW  IN  ELASTIC  TUBES.— (1)  When  an  uninterrupted  uniform  current  flows  through 
an  elastic  tube,  it  follows  exactly  the  same  laws  as  if  the  tube  had  rigid  walls.  If  the  propel- 
ling power  increases  or  diminishes,  the  elastic  tubes  become  wider  or  nai'rower,  and  they  behave, 
as  far  as  the  movement  of  the  fluid  is  concerned,  as  wider  or  narrower  rigid  tubes.  Haniel 
has  shown  that  elastic  tubes  transmit  more  fluid  when  they  undergo  a  rhythmical  pulsatory 
movement  than  when  the  fluid  flows  into  them  under  constant  pressure.  The  advantage  of 
rhythmical  impulses  for  the  onward  flow  in  relation  to  a  fluid  in  motion,  as  compared  with 
a  continuous  uniform  pressure,  seems  to  be  due  to  the  alternate  movement  keeping  the 
elasticity  of  the  arterial  walls  intact. 

(2)  Wave-Motion. — If,  however,  more  fluid  be  {ovcq^l  in  jerks  into  an  elastic  tube,  i.e.,  in- 
terruptedly, the  first  part  of  the  tube  dilates  suddenly,  corresponding  to  the  quantity  of  fluid 
propelled  into  it.  The  jerk  communicates  an  oscillatory  movement  to  the  particles  of  the  fluid, 
which  is  communicated  to  all  the  fluid  particles  from  the  beginning  to  the  end  of  the  tube  ;  a 
positive  wave  is  thus  rapidly  propagated  throughout  the  whole  length  of  the  tube.  If  we  imagine 
the  elastic  tube  to  be  closed  at  its  peripheral  end,  the  positive  wave  will  be  reflected  from  the 
point  of  occlusion,  and  it  may  be  propagated  to  and  fro  through  the  tube  until  it  finally  dis- 
appears. In  such  a  closed  tube  a  sudden  jet  of  fluid  produces  only  a  wave-movement,  i.e., 
only  a  vibratory  movement,  or  an  alteration  in  the  shape  of  the  liquid,  there  being  no  actual 
translation  of  the  particles  along  the  tube. 
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(3)  If,  however,  fluid  be  pumped  interruptedly  or  by  jerks  into  sxn  elastic  tube  filled  with 
fluid,  in  which  there  is  already  a  continuous  current,  the  movement  of  the  current  is  combined 
with' the  wave  movement.  We  must  carefully  distinguish  the  movement  of  the  current  of  the 
fluid,  i.e.,  the  translation  of  a  mass  of  fluid  through  the  tube,  from  the  wave-movement,  the 
oscillatory  movement,  or  movement  of  change  of  form  in  the  column  of  fluid.  In  the  former 
the  particles  are  actually  translated,  while  in  the  latter  they  merely  vibrate.  The  current  in 
elastic  tubes  is  slower  than  the  wave-movement,  which  is  propagated  with  great  rapidity,  ihis 
last  case  obtains  in  the  arterial  system.  The  blood  in  the  arteries  is  already  in  a  state  of  con- 
tinual movement,  directed  from  the  aorta  to  the  capillaries  ;  by  means  of  the  systole  of  the  left 
ventricle  a  quantity  of  fluid  is  suddenly  pumped  into  the  aorta,  and  causes  a.  positive  wave,\hQ 
pulse-wave  which  is  propagated  with  great  rapidity  to  the  terminations  of  the  arteries,  while 
the  current  of  the  blood  itself  moves  much  more  slowly. 

Rigid  and  Elastic  Tubes.— If  a  quantity  of  fluid  be  forced  into  a  rigid  tube  under  a  certain 
pressure,  the  same  quantity  of  fluid  will  flow  out  at  once  at  the  other  end  of  the  tube,  provided 
there  be  no  special  resistance.  In  an  elastic  tube,  immediately  after  the  forcing  m  of  a  quantity 
of  fluid  at  first  only  a  small  quantity  flows  out,  and  the  remainder  flows  out  only  after  the 
propelling  force  has  ceased  to  act.  If  an  equal  quantity  of  fluid  be  periodicaUy  injected  into 
a  rigid  tube,  with  each  jerk  an  equal  quantity  is  forced  out  at  the  other  end  of  the  tube,  and 
the  outflow  lasts  exactly  as  long  as  the  jerk  or  the  contraction,  and  the  pause  between  two 
periods  of  outflow  is  exactly  the  same  as  between  the  two  jerks  or  contractions.  In  aii 
elastic  tube  it  is  difl'erent,  as  the  outflow  continues  for  a  time  after  the  jerk;  hence  it 
follows  that  a  continuous  outflow  current  will  be  produced  in  elastic  tubes,  when  the  time 
between  two  jerks  is  made  shorter  than  the  duration  of  the  outflow  after  the  jerk  has  been 
completed.  When  fluid  is  pumped  periodically  into  rigid  tubes,  it  causes  a  sharp  abrupt  out- 
flow synchronous  with  the  inflow,  and  the  outflow  becomes  continuous  only  when  the  inflow 
is  continuous  and  uninterrupted.  In  elastic  tubes,  an  intermittent  current  under  the  above 
conditions  causes  a  continuous  outflow,  which  is  increased  with  the  systole  or  contraction. 

65.  STEUCTURE  AND  PROPERTIES  OF  THE  BLOOD-VESSELS.— In  the 

body  the  large  vessels  carry  the  blood  to  and  from  the  various  tissues  and  organs, 

while  the  thin-walled  capillaries  bring  the  blood 
into  intimate  relation  with  the  tissues.  Through 
the  excessively  thin  walls  of  the  capillaries  the 
fluid  part  of  the  blood  transudes,  to  nourish  the 
tissues  outside  the  capillaries,  so  that  the  capillary 
wall  is  permeable  to  fluids  and  gases,  and,  we  shall 
see,  also  to  the  red  and  white  corpuscles  of  the 
blood.  [At  the  same  time  fluids  pass  from  the 
tissues  into  the  blood.  Thus,  there  is  an  exchange 
between  the  blood  and  the  fluids  of  the  tissues. 
The  fluid  after  it  passes  into  the  tissues  consti- 
tutes the  lymph,  and  acts  like  a  ^ivQdim  irrigat- 
ing the  tissue  elements.] 

1.  The  arteries  are  distinguished  from  veins 
by  their  thicker  walls,  due  to  the  greater  develop- 
ment of  smooth  muscular  and  elastic  tissues— 
the  middle  coat  (tunica  media)  of  the  arteries  is 
specially  thick,  while  the  outer  coat  (t.  adventitia) 
is  relatively  thin.  [When  cut  across,  the  walls 
do  not  collapse,  as  is  the  case  with  the  thin-walled 
veins.  The  absence  of  valves  is  by  no  means  a 
characteristic  feature.] 

A  typical  artery  consists  of  three  coats  (figs.  79,  80). 
(1)  The  tunica  intima,  or  inner  coat,  consists  of  a  layer 
of  {a)  irregular,  long,  fusiform,  nucleated,  squamous  cells 
forming  the  excessively  thin  transparent  endothelium  im- 
mediately in  contact  with  the  blood-stream.  [Like  other 
endothelial  cells,  these  cells  are  held  together  by  a  cement 
substance,  which  is  blackened  by  the  action  of  silver 
nitrate  and  subsequent  exposure  to  hght.]  Outside  this 
hes  a  very  thin,  more  or  less  fibrous,  layer— sub-epithelial  layer— in  which  numerous  spindle  or 


Fig.  79. 

Coats  of  a  small  artery,  a,  endothe- 
lium ;  b,  internal  elastic  lamina  ; 
c,  circular  muscular  fibres  of  the 
middle  coat  ;  d,  the  outer  coat. 
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branched  protoplasmic  cells  lie  embedded  within  a  corresponding  system  of  plasma  canals. 
Outside  this  is  an  elastic  lamina  (b),  basement  membrane,  or  membrana  propria,  which  in  the 
smallest  arteries  is  a  structureless  or  fibrous  elastic  membrane — in  arteries  of  medium  size  it  is 
a  fenestrated  membrane  {Henle),  while  in  the  largest  arteries  there  may  be  several  layers  of 
elastic  laminse  or  fenestrated  elastic  membrane  mixed  with  connective  tissue.  [In  some  arteries 
the  elastic  membrane  is  distinctly  fibrous,  the  fibres  being  chiefly  arranged  longitudinally.  It 
can  be  stripped  off,  when  it  forms  a  brittle  elastic  membrane,  which  has  a  great  tendency  to  purl 
up  at  its  margins.  In  a  transverse  section  of  a  middle-sized  empty  artery  it  appears  as  a  bright 
wavy  line,  but  the  curves  are  produced  by  the  partial  collapse  of  the  vessel.  It  forms  an 
important  guide  to  the  pathologist,  in  enabling  him  to  determine  Avhich  coat  of  the  artery 
is  diseased.]  In  middle-sized  and  large  arteries  a  few  non-striped  muscular  fibres  are  disposed 
longittidinalhj  between  the  elastic  plates  or  laminae.  Along  with  the  circular  muscular  fibres 
of  the  middle  coat,  they  may  act  so  as  to  narrow  the  artery,  and  they  may  also  aid  in  keeping 
the  lumen  of  the  vessel  open  and  of  uniform  calibre. 

(2)  The  tunica  media,  or  middle  coat,  contains  much  non-striped  muscle  (c),  which  in  the 
smallest  arteries,  sometimes  called  arterioles,  consists  of  transversely  disposed  non-striped 


Fig.  80. 

Transverse  section  of  a  small  artery,  vein,  and  nerve.  A,  artery;  a,  its  endothelium  ;  &,  elastic 
lamina  ;  c,  muscular  coat,  with  its  rod-shaped  nuclei  ;  d,  adventitia.  _  V,  vein;  a,  its  endo- 
thelium ;  h,  thin  elastic  lamina ;  c,  thin  muscular  coat ;  d,  adventitia  ;  /,  fat.  N,  trans- 
verse section  of  a  nerve. 

muscular  fibres  lying  between  the  endothelium  and  the  T.  adventitia,  while  a  finely  granular 
tissue  with  few  elastic  fibres  forms  the  bond  of  union  between  them.  As  we  proceed  from  the  very 
smallest  to  the  small  arteries,  the  number  of  muscular  fibres  become  so  great  as  to  form  a  well- 
marked  fibrous  tube  of  non-striped  muscle,  in  which  there  is  comparatively  little  connective- 
tissue.  In  the  large  arteries  the  amount  of  connective-tissue  is  considerably  increased,  and  be- 
tween the  layers  of  fine  connective-tissue  numerous  (as  many  as  50)  thick,  elastic  fibrous  or 
fenestrated  laminse  are  concentrically  arranged.  A  few  non-striped  fibres  lie  scattered  amongst 
these,  and  some  of  them  are  arranged  transversely,  wliile  a  few  have  an  oblique  or  longitudinal 
direction. 

The  first  part  of  the  aorta  and  pulmonary  artery,  and  the  retinal  arteries,  aie  devoid  of 
muscle.  The  descending  aorta,  common  iliac,  and  popliteal  have  longitudinal  fibres  between 
the  transverse  ones.  Longitudinal  bundles  lying  inside  the  media  occur  in  the  renal,  splenic, 
and  internal  spermatic  arteries.  Longitudinal  bundles  occur  both  on  the  outer  and  inner 
surfaces  of  the  umbilical  arteries,  which  are  very  muscular. 

(3)  The  tunica  adventitia,  or  outer  coat,  in  the  smallest  arteries  consists  of  a  structureless 
membrane  with  a  few  connective-tissue  corpuscles  attached  to  it  ;  in  somewhat  larger  arteries 
there  is  a  layer  of  fine  fibrous  elastic  tissue  mixed  with  bundles  of  fibrillar  connective-tissue  {d). 
In  arteries  of  middle-size,  and  in  the  largest  arteries,  the  chief  mass  consists  of  bundles  of 
fibrillar  connective-tissue  containing  connective-tissue  corpuscles.  The  bundles  cross  each  other 
in  a  variety  of  directions,  and  fat  cells  often  lie  between  them.  Next  the  media  there  are 
numerous  fibrous  or  fenestrated  elastic  lamellae.  In  medium-sized  and  small  arteries  the 
elastic  tissue  next  the  media  takes  the  form  of  an  independent  elastic  membrane  (Henle's 
external  elastic  membrane).  Bundles  of  non-striped  muscle,  arranged  longitudinally,  occur  in 
the  adventitia  of  the  arteries  of  the  penis,  and  in  the  renal,  splenic,  spermatic,  iliac,  hypogastric, 
and  superior  mesenteric  arteries. 
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[The  foUowin* 
coats. 


Tunica  intima 
{Inner  coat). 

Tunica  media 
{Middle  coat). 

Tunica  adventitia 
{Outer  coat). 


tabular  statement  may  facilitate  the  study  of  the  arterial 

Medium  Artery. 

C   (a)  Endothelium. 
^    (b)  Sub-endothelial  layer. 
(    (c)  Elastic  lamina. 

i    Composed  of  layers  of  smooth  muscular  fibres  disposed 
<J       circularly,  and  scattered  amongst  these  there  are  some- 
times elastic  fibres. 


Composed  of  connective-tissue, 
mixed  with  elastic  fibres,  the 
the  inner  part  of  the  coat.] 


i.e.,  white  fibrous  tissue 
latter  more  abundant  at 


II.  The  capillaries  (fig.  81),  while  retaining  their  diameter,  divide  and  reunite  so  as  to  form  net- 
works, whose  shape  and  arrangement  differ  considerably  in  different  tissues.  As  to  their  size, 
the  diameter  of  the  capillaries  varies  considerably,  but  as  a  general  rule  it  is  such  as  to  admit 
freely  a  single  row  of  blood-corpuscles.  In  the  retina  and  the  muscles  the  diameter  is  5-6  fj. 
and  in  bone-marrow,  liver,  and  choroid  10-20  /x.    [In  the  lungs  the  capillaries  are  rather  wider 

than  elsewhere.]  The  tubes  consist  of  a 
single  layer  of  transparent,  excessively 
thin,  nucleated  endothelial  cells  joined  to 
each  other  by  their  margins.  [Each  cell 
consists  of  a  flattened  nucleated  plate,  for 
the  most  part  converted  into  a  transparent 
material.  In  capillaries  the  nuclei  project 
slightly  and  alternately  into  the  lumen 
of  the  vessel.  The  nuclei  contain  a  well- 
marked  intra-nuclear  plexus  of  fibrils,  like 
other  nuclei.]  The  cells  are  more  fusiform 
in  the  smaller  capillaries  and  more  poly- 
gonal in  the  larger.  The  body  of  the  cells 
presents  the  characters  of  very  faintly 
refractive  protoplasm,  but  it  is  doubtful 
whether  the  body  of  the  cell  is  endowed 
with  the  property  of  contractility  (p. 
110). 

If  a  dilute  solution  (4  per  cent.)  of 
silver  nitrate  be  injected  into  the  blood- 
vessels, the  cement  substance  of  the  endo- 
thelium [and  of  the  muscular  fibres  as 
well]  is  revealed  by  the  presence  of  the 
black  "silver  lines."  The  blackened 
cement  substance  shows  little  specks  and 
large  black  slits  at  different  points.  It  is 
not  certain  whether  these  are  actual  holes 
through  which  colourless  corpuscles  may 
pass  out  of  the  vessels,  or  are  merely  larger  accumulations  of  the  cement-substance.  [If  a 
capillary  is  examined  in  a  perfectly  fresh  condition  (while  living)  and  without  the  addition  of 
any  reagent,  it  is  impossible  to  make  out  any  line  of  demarcation  between  adjacent  cells  owing 
to  the  uniform  refractive  index  of  the  entire  wall  of  the  tube.] 

[Arnold  called  these  small  areas  in  the  black  silver  lines  when  they  are  large  stomata,  and 
when  small  stigmata.  They  are  most  numerous  after  venous  congestion,  and  after  the  dis- 
turbances which  follow  inflammation  of  a  part.  They  are  not  always  present.  The  existence 
of  cement-substance  between  the  cells  may  also  be  inferred  from  the  fact  that  indigo-sulphate 
of  soda  is  deposited  in  it  {Thoma),  and  particles  of  cinnabar  and  China  ink  are  fixed  in  it,  when 
these  substances  are  injected  into  the  blood  (i^oa).] 

Fine  anastomosing  fibrils  derived  from  non-medullated  nerves  terminate  in  small  end-buds 
in  relation  with  the  capillary  wall ;  ganglia  in  connection  with  the  nerves  of  capillaries  occur 
only  in  the  region  of  the  sympathetic. 

The  small  vessels  next  in  size  to  the  capillaries,  and  continuous  with  them,  have  a  completely 
structureless  covering  in  addition  to  the  endothelium. 


Capillaries.  The  outlines  of  the  nucleated  endo- 
thelial cells  with  the  cement  blackened  by  the 
action  of  silver  nitrate. 


Sec.  65.] 


STRUCTUKE  OF  VEIiNS. 


109 


III.  The  veins  are  generally  distinguished  from  the  arteries  by  their  lumen 
being  wider  than  the  lumen  of  the  corresponding  arteries ;  their  walls  are  thinner 
on  account  of  the  smaller  amount  of  non-strijDed  muscle  and  elastic  tissue  (the  non- 
striped  muscle  is  not  unfrequently  arranged  longitudinally  in  veins).  [The  walls 
contain  relatively  much  more  white  fibrous  and  less  elastic  tissue.]  They  are  also 
more  extensile  (with  the  same  strain).  The 
adventitia  is  usually  the  thickest  coat.  The 
occurrence  of  valves  is  limited  to  the  veins 
of  certain  areas  (fig.  82,  A).  [When  enii)ty 
and  cut  across,  their  walls  collapse.] 

Structure. — (1)  The  Tunica  intima  consists  of  a 
layer  oi  shorter  and  broader  endothelial  cells,  under 
which  in  the  smallest  veins  there  is  a  structureless 
elastic  membrane,  sub-epithelial  layer,  which  is 
fibrous  in  veins  somewhat  larger  in  size,  but  in  all 
cases  is  thinner  than  in  the  arteries.  [It  can 
scarcely  be  called  a  lamina.  It  is  rather  an  elastic 
basis,  composed  of  a  felted  uet-Avork  of  elastic  and 
white  fibres.]  In  large  veins  it  may  assume  the 
characters  of  a  fenestrated  membrane,  which  is 
double  in  some  parts  of  the  crural  and  iliac  veins. 
Isolated  muscular  fibres  exist  in  the  intima  of  the 
femoral  and  popliteal  veins. 

(2)  The  T.  media  of  the  larger  veins  consists  of 
alternate  layers  of  elastic  and  muscular  tissue 
united  to  each  other  by  a  considerable  amount  of 
connective-tissue,  but  this  coat  is  always  thinner 
than  in  the  corresponding  arteries.  This  coat 
diminishes  in  the  following  order  in  the  following 
vessels: — popliteal,  veins  of  the  lower  extremity, 
veins  of  the  upper  extremity,  superior  mesenteric, 
other  abdominal  veins,  hepatic,  pulmonary,  and 
coronary  veins.  The  following  veins  contain  no 
muscle  : — veins  of  bone,  central  nervous  system 
and  its  membranes,  retina,  the  superior  cava,  with 
the  large  trunks  that  open  into  it,  the  upper  part 
of  the  inferior  cava.  Of  course,  in  these  cases  the 
media  is  very  thin.  In  the  smallest  veins  the 
media  is  formed  of  fine  connective-tissue,  with  very 
few  muscular  fibres  scattered  in  the  inner  part. 

(3)  The  T.  adventitia  is  thicker  than  that  of 
the  corresponding  arteries  ;  it  contains  miich  con- 
nective-tissue, usually  arranged  longitudinally,  and 
not  much  elastic  tissue.  Longitudinally  arranged 
muscular  fibres  occur  in  some  veins  (renal,  portal, 
inferior  cava  near  the  liver,  veins  of  the  lower  ex- 
tremities). The  valves  consist  of  fine  fibrillar 
connective-tissue  with  branched  cells.  An  elastic 
network  exists  on  their  convex  surface,  and  both 
surfaces  are  covered  by  endothelium.  The  valves  contain  many  muscular  fibres  (fig.  82). 
[Ran vier  has  shown  that  the  shape  of  the  epithelial  cells  on  the  side  over  which  the  blood 
passes  are  more  elongated  than  on  the  cardiac  side  of  the  valve,  where  the  long  axes  of  the  cells 
are  placed  transversely.] 

The  sinuses  of  the  dura  mater  are  spaces  covered  with  endothelium.  The  spaces  are  either 
duplicatures  of  the  membrane,  or  channels  in  the  substance  of  the  tissue  itself. 

Cavernous  spaces  we  may  imagine  to  arise  by  numerous  divisions  and  anastomoses  of  tolerably 
large  veins  of  unequal  calibre.  The  vascular  wall  appears  to  be  much  perforated  and  like  a 
sponge,  the  internal  space  being  traversed  by  threads  and  strands  of  tissue,  which  are  covered 
with  endothelium  on  their  surfaces,  that  are  in  contact  with  the  blood.  The  surrounding  wall 
consists  of  connective-tissue,  which  is  often  very  tough,  as  in  the  corpus  cavernosum,  and  it 
not  unfrequently  contains  non-striped  muscle. 

Cavernous  formations  of  an  analogous  nature  on  arteries  are  the  carotid  gland  of  the  frog, 
and  a  similar  structure  on  the  pulmonary  arteries  and  aorta  of  the  turtle,  and  the  coccygeal  gland 
of  man.    The  last  structure  is  richly  supplied  with  sympathetic  nerve-fibres,  and  is  a  convoluted 


A,  valves  in  the  saphena  vein.  B,  Longi- 
tudinal section  of  a  vein  at  the  level  of  a 
valve,  a,  hyaline  layer  of  the  internal 
coat  ;  b,  elastic  lamina ;  c,  groups  of 
smooth  muscular  fibres  divided  trans- 
versely ;  d,  longitudinal  muscular  fibres 
in  the  adventitia. 
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mass  of  ampullated  or  fusiform  dilatations  of  the  middle  sacral  artery,  surrounded  and  per- 
meated bv  non-striped  muscle.  , 

Vasa  Vasorum.— [These  are  small  vessels  which  nourish  the  coats  of  the  arteries  and  veins. 
Thev  arise  from  one  part  of  a  vessel  and  enter  the  walls  of  the  same,  or  another  vessel  at  a 
lower  level  They  break  up  chiefly  in  the  outer  coat,  and  none  enter  the  inner  coat.  J  in 
structure  they  resemble  other  small  blood-vessels.  The  blood  circulating  m  the  arterial  or 
venous  wall  is  returned  by  small  veins.  no-,  i  a 

rLymphatics.— There  are  no  lymphatics  on  the  inner  surface  of  rhe  muscular  coat,  or  under 
the  intima  in  large  arteries.  They  are  numerous  in  a  gelatinous  layer  immediately  outside  the 
muscular  coat,  and  the  same  relation  obtains  in  large  muscular  veins  and  lymphatic  trunks 

^^nSellular  Blood-Channels.— Intercellular  blood-channels  of  narrow  calibre,  and  without 
walls  occur  in  the  granulation  tissue  of  healing  wounds.  At  first  blood-plasma  alone  is  found 
between  the  formative  cells,  but  afterwards  the  blood-current  forces  blood -corpuscles  through 
the  channels.  The  first  blood-vessels  in  the  developing  chick  are  formed  in  a  similar  way  from 
the  formative  cells  of  the  mesoblast. 

Properties  of  the  Blood-Vessels.— The  larger  blood-vessels  are  cyHndrical  tubes 
with  relatively  stout  walls  composed  of  several  layers  of  various  tissues,  more 
especially  elastic  tissue  and  smooth  muscular  fibres,  and  the  whole  is  Imed  by  a 
smooth  polished  layer  of  endothelium.  One  of  the  most  important  properties  is 
the  contractility  of  the  vascular  wall,  in  virtue  of  which  the  calibre  of  the  vessel 
can  be  varied,  and  therefore  the  supply  of  blood  to  a  part  is  altered.  The  con- 
tractility is  due  to  the  plain  muscular  fibres,  which  are,  for  the  most  part,  arranged 
circularly.  It  is  most  marked  in  the  small  arteries,  and  of  course  is  absent  where 
no  muscular  tissue  occurs.  The  amount  and  intensity  of  the  contraction_  depend 
upon  the  development  of  the  muscular  tissue  ;  in  fact,  the  two  go  hand  in  hand, 
fif  an  artery  be  exposed  in  the  living  body  it  soon  contracts  under  the  stimulus 
of  the  atmosphere  acting  upon  the  muscular  fibres.  It  may  also  be  made  to  contract 
by  the  appUcation  of  an  electrical  current,  or  mechanical  stimuli,  and  m  the  intact 
body  the  vaso-motor  nerves  govern  the  muscular  fibres.]  The  contraction  takes 
place  slowly,  lasts  a  long  time,  and  has  a  long  latent  period  like  smooth  muscle 
generally. 

rAction  of  Drugs  on  the  Vascular  System. —Gaskell  finds  that  a  very  dilute  solution  of  lactic 
acid  (1  •  10  000  parts  of  saline  solution),  passed  through  the  blood-vessels  of  a  frog,  always 
enlarges'  the  calibre  of  the  blood-vessels,  while  an  alkaline  solution  (1  part  sodium  hydrate  to 
10  000  saline  solution)  always  diminishes  their  size,  usually  to  absolute  closure,  and  indeed  the 
artificial  constriction  of  the  blood-vessels  may  be  almost  complete.  These  fluids  are  antagonistic 
to  each  other  as  far  as  regards  their  action  on  the  calibre  of  the  arteries.  Dilute  alkaline 
solutions  act  on  the  heart  in  the  same  way.  After  a  series  of  beats  the  ventricle  stops  beating, 
the  standstill  being  in  a  state  of  contraction.  Very  dilute  lactic  acid  causes  the  ventricle  to 
stand  still  in  the  phase  of  complete  relaxation.  The  acid  and  alkaline  saline  solutions  are 
antagonistic  in  their  action  on  the  ventricle.  Cash  and  Brunton  find  that  dilute  acids  have 
a  tendency  to  increase  the  transudation  through  the  vessels  and  produce  (edema  of  the  surround- 
in  «•  tissues  They  also  observed  that  barium,  calcium,  strontium,  copper,  iron,  and  tin  produce 
contraction  of  the  blood-vessels  when  solutions  of  their  salts  are  driven  through  them,  while 
the  same  eff-ect  is  produced  by  very  dilute  solutions  of  potassium.  Nicotin  atropm,  and 
chloral  diff-er  in  their  action  according  to  the  dose.  In  these  experiments  the  effect  was  ascer- 
tained by  the  amount  of  fluid  which  flowed  out  of  the  vessels  in  a  given  time.]  If  blood 
containing  certain  drugs  be  perfused  through  the  blood-vessels  of  a  freshly  excised  organ  the 
blood-vessels  are  dilated  ;  e.g.,  by  amyl  nitrite,  chloral  hydrate,  morphia,  CO,  paraldehyde, 
kairin  quinine,  atropin,  ferricyanide  of  potassium  (urea  and  sodic  chloride  m  the  renal  ves&'els), 
—thev  are  contracted  by  digitalin,  veratria,  helleborin  {Robert).  Heat  causes  contraction  of  the 
blood-vessels  of  the  frog's  mesentery  {Gärtner).  According  to  Roy  the  blood-vessels  shorten 
when  heated. 

That  the  capillaries  undergo  expansion  and  contraction,  owing  to  variations  in 
the  size  of  the  protoplasmic  elements  of  their  walls,  must  be  admitted. 

Strieker  has  described  capillaries  as  "protoplasm  in  tubes,"  and  observed  that  in  the  tad- 
nole  thev  exhibited  movements  when  stimulated.  Golubew  described  an  active  state  of  contrac- 
tion of  the  capillary  wall,  but  he  regarded  the  nuclei  as  the  parts  which  underwent  change 
Rouset  observed  the  same  result  in  the  capillaries  of  new-born  mammals.^  Tarchanoff  found  that 
mechanical  or  electrical  stimulation  caused  a  change  in  the  shape  and  size  of  the  nuclei,  so  that 
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he  regards  these  as  the  actively  contractile  parts.  [Severini  also  attaches  great  importance  to 
the  contractility  of  the  capillaries,  and  especially  of  their  nuclei,  as  influencing  the  blood-stream. 
Oxygen  acts  on  the  nuclei  of  the  capillary  wall  (membrana  nictitans  of  frog)  and  causes  them 
to  swell,  while  COg  has  an  opposite  effect.  The  circulation  through  a  lung  suddenly  filled  with 
0  or  atmospheric  air  is  at  first  very  rapid,  but  it  soon  diminishes,  while  with  COg  the  circula- 
tion remains  constant.]  As  the  capillaries  are  excessively  thin,  soft,  and  delicate,  it  is  obvious 
that  the  form  of  the  individual  cells  must  depend  to  a  considerable  extent  upon  the  degree  to 
which  the  vessels  are  filled  with  blood.  In  vessels  which  are  distended  with  blood  the  en- 
dothelial cells  are  flattened,  but  when  the  capillaries  are  collapsed  they  project  more  or  less 
into  tha  lumen  of  the  vessel  [Renaut). 

[It  is  well  known  that  the  capillaries  present  great  variations  in  their  diameter  at  different 
times.  As  these  variations  are  usually  accompanied  b}^  a  corresponding  contraction  or  dilatation 
of  the  arterioles,  it  is  usually  assumed  that  the  variations  in  the  diameter  of  the  capillaries  are 
due  to  differences  of  the  pressure  within  the  capillaries  themselves,  viz.,  to  the  elasticity  of  their 
walls.  Every  one  is  agreed  that  the  capillaries  are  very  elastic  and  extensile,  but  the  experi- 
.ments  of  Roy  and  Graham  Brown  show  that  they  are  contractile  as  well  as  elastic,  and  these 
observers  conclude  that,  under  normal  conditions,  it  is  by  the  contractility  of  the  capillary  wall 
as  a  whole  that  the  diameter  of  these  vessels  is  changed,  and  to  all  appearance  their  contractility 
is  constantly  in  action.  "The  individual  capillaries  (in  all  probability)  contract  or  expand  in 
accordance  with  the  requirements  of  the  tissues  through  which  they  pass.  The  regulation  of 
the  vascular  blood-flow  is  thus  more  complete  than  is  usually  imagined."  It  must  be  mentioned, 
however,  that  some  regard  the  walls  of  the  capillary  as  playing  purely  a  passive  part  in  the 
variations  of  their  calibre,  although  they  admit  that  they  are  contractile  in  young  animals.] 

Physical  Properties  of  Blood- Vessels — Elasticity. — Amongst  the  physical  pro- 
perties of  the  blood-vessels,  elasticity  is  the  most  important ;  their  elasticity  is 
small  in  amount,  i.e.,  they  offer  Httle  resistance  to  any  force  apj)lied  to  them  so  as 
to  distend  or  elongate  them,  but  it  is  perfect  in  quality,  i.e.,  the  blood-vessels 
rapidly  regain  their  original  size  and  form  after  the  force  distending  them  is  removed. 
[An  artery,  in  virtue  of  its  thick  elastic  walls,  when  empty  or  when  cut  across,  does 
not  collapse,  but  remains  open.] 

According  to  E.  H.  Weber,  Volkmann,  and  Wertheim,  the  elongation  of  a  blood-vessel  (and 
moist  tissues  generally)  is  not  proportional  to  the  weight  used  to  extend  it,  the  elongation  being 
relatively  less  with  a  large  weight  than  with  a  small  one,  so  that  the  curve  of  extension  is  nearly 
[or,  at  least,  bears  a  certain  relation  to]  a  hyperbola.  According  to  Wundt,  we  have  not  only  to 
consider  the  extension  produced  at  fa^st  by  the  weight,  but  also  the  subsequent  "  elastic 
after-effect, "  Avhich  occurs  gradually.  The  elongation  which  takes  place  during  the  last  few 
moments  occurs  so  slowly  and  so  gradually  that  it  is  well  to  observe  the  effect  by  means  of  a 
magnifying  lens.  Variations  from  the  general  law  occur  to  this  extent,  that  if  a  certain  weight 
is  exceeded,  less  extension,  and,  it  may  be,  permanent  elongation  of  the  artery  not  unfrequently 
occur.  K.  Bardeleben  found,  especially  in  veins  elongated  to  40  or  50  per  cent,  of  their  original 
length,  that  when  the  weight  employed  increased  by  an  equal  amount  each  time,  the  elongation 
was  proportional  to  the  square-root  of  the  weight.  This  is  apart  from  any  elastic  after-effect. 
Veins  may  be  extended  to  at  least  50  per  cent,  of  their  length  without  passing  the  limit  of  their 
elasticity. 

[Roy  experimented  upon  the  elastic  properties  of  the  arterial  wall.  A  portion  of  an  artery, 
so  that  it  could  be  distended  by  any  desired  internal  pressure,  was  enclosed  in  a  small  vessel 
containing  olive  oil  arranged  in  the  same  way  as  in  fig.  72  for  the  heart.  The  variations  of  the 
contents  were  recorded  by  means  of  a  lever  writing  on  a  revolving  cylinder.  The  instrument  is 
ternied  a  sphygmotonometer.  The  aorta  and  other  large  arteries  are  most  elastic  and  most  dis- 
tensible at  pressures  corresponding  more  or  less  exactly  to  their  normal  blood-pressure,  while  in 
veins  the_  relation  between  internal  pressure  and  the  cubic  capacity  is  very  different.  In  them 
the  maximum  of  distensibility  occurs  with  pressures  immediately  above  zero.  Speaking 
generally,  the  cubic  capacity  of  an  artery  is  greatly  increased  by  raising  the  intra-arterial  tension, 
say  from  zero  to  about  the  normal  internal  pressure  which  the  artery  sustains  during  life.  Thus 
in  the  rabbit,  the  capacity  of  the  aorta  was  quadrupledhy  raising  the  intra-arterial  pressure  from 
zero  to  200  mm.  Hg,  while  that  of  the  carotid  was  more  than  six  times  greater  at  that  pressure 
than  it  was  in  the  undistended  condition.  The  pulmonary  artery  is  distinguished  by  its 
excessive  elastic  distensibility.  Its  capacity  (rabbit)  was  increased  more  than  twelve  times  on 
raising  the  internal  pressure  from  zero  to  about  36  mm.  Hg.  Veins,  on  the  other  hand,  are 
distinguished  by  the  relatively  small  increase  in  their  cubic  capacity  produced  by  greatly  raising 
the  internal  pressure,  so  that  the  enormous  changes  in  the  capacity  of  the  veins  during  life  are 
due  less  to  differences  in  the  pressure  than  to  the  great  differences  in  the  quantity  of  blood 
which  they  contain.] 

Pathological.— Interference  with  the  nutrition  of  an  artery  alters  its  elasticity  [and  that  in 
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cases  where  no  structural  changes  can  be  found].  Marasmus  preceding  death  causes  the  arteries 
to  become  wider  than  normal.    In  some  old  people  they  become  atheromatous  and  even 

""iThf  capillaries  by  the  thinness  and  permeability  of  their  walls  are  well  adapted  for  the 
exchange  between  the  fluids  and  gases  of  the  blood  which  they  contain,  and  the  tissues  lying 
outside  themT  while  by  their  extensibility  and  elasticity  they  can  adapt  their  calibre  to  the 
nrpqqnrp  and  a'uantitv  of  blood  within  them.]  .  .     -j.  .-u 

^  Uses  of  Elasticity. -The  elasticity  of  the  arteries  is  of  the  utmost  importance  m  aiding  the 
conversion  of  the  unequal  movement  of  the  blood  in  the  large  arteries  into  a  uniform  flow  in  the 
P^Krie^  E  H.  Weber  compared  the  elastic  wall  of  the  arteries  with  the  air  in  the  air- 
chCber  of  a  fi're-engine.  In  both  cases  an  elastic  medium  is  acted  upon-the  air  ni  the  one 
äse  and  the  elastic  tissue  in  the  other-which  in  turn  presses  upon  the  fluid,  propellmg  t 
onwards  continually,  while  the  action  of  the  pump  or  the  heart,  as  the  case  may  be,  is  mter- 
nSnt  The  ordinary  spray-producer  acts  on  this  principle.  A  uniform  spray  or  jet  is 
obtained  by  pLpingi/^^^  but  only  when  the  resistance  is  such  as  to  bring  into  action 

the  elasticity  of  the  bag  between  the  pump  and  the  spray-orifice.] 

Cohesion— The  cohesion  of  blood-vessels  is  very  great,  and  in  virtue  of  this 
thev  are  able  to  resist  even  considerable  internal  pressure  without  giving  way.  ihe 
carotid  of  a  sheep  is  ruptured  only  when  fourteen  times  the  usual  pressure  it  is  called 
upon  to  bear  is  put  upon  it  ( Volkmann),  Given  a  vein  and  an  artery  0/  the  sa^ne 
thickness,  a  greater  pressure  is  required  to  rupture  the  former  than  the  latter.  The 
huitTcarotid  or  iliac  artery  resists  a  pressure  of  8  atmospheres,  the  veins  about 

'^'rSon  of  anArte  an  artery  is  divided  in  the  living  body,  the 

blood  spouts  in  jets  from  the  proximal  cut  end  of  the  tube,  the  heart  end. 
Each  iet  forms  a  parabolic  curve,  and  the  flow  does  no  cease  between  the  jets  • 
If  a  large  artery  be  severed,  the  blood  may  be  projected  for  a  distance  of  several 
feet  this  being  greater  the  larger  the  artery  and  the  nearer  it  is  to  the  heart.  A 
very  small  aniSunt  of  blood  may  flow  from  the  distal  cut  end.  This  will  depend 
on  the  extent  to  which  collateral  anastomosis  takes  ]3  ace.J  ^  ,      ,  , 

[In  the  case  of  a  divided  vein,  the  blood  flows  chiefly  from  the  distal  end,  and 
it  does  not  come  in  jets,  but  as  a  slow  continuous  flow.  The  flow  from  the  centra 
end  may  be  almost  n/Z  or  very  slight,  but  this  again  depends  on  the  amount  of 

"Kluttf  t'i^^^^  ruptures  the  inner  coat,  and  the  vessel  swells  on  the 
nroximal  side  of  the  ligature,  while  immediately  after  the  ligature  is  applied  the 
distal  part  of  the  vessel,  i.e.,  the  part  beyond  the  ligature,  collapses  and  becomes 
SÄ  and  no  pulse  is  felt  in  it,  while  the  pulse  is  felt  m  the  proximal  part  right 

"^LiiuÄ  the  vein  to  swell  on  the  distal  side  of  the  ligature, 

whüe  on  the  proximal  or  cardiac  side  it  collapses,  unless  there  be  a  very  free 
7ona W  circulation.  No  pulse  is  felt  on  either  side  of  the  ligature.  These  results 
necess^^^^^^^^^^  from  the  course  of  the  blood-stream-movmg  as  it  does  m 

opposite  directions— in  the  two  vessels.] 

66.  INVESTIGATION  OF  THE  PULSE.— [The  characters  of  the  pulse  may 

be  investigated  by —  ,  .  / .       ^  •  \ 

^  (1)  The  eye  (inspection). 

(2)  The  flnger  (palpation). 

(3)  Instruments. 

The  examination  is  usually  confined  to  that  part  of  the  radial  artery  which 
.  lies  immediately  above  the  wrist,  with  the  flexor  tendons  internal  to  it,  and  the 
rid<.eTthe  racUus  on  its  outer  aspect,  while  the  shaft  of  the  radius  forms  a  firm 
W  support  against  which  the  artery  can  be  compressed  by  means  of  the  finger. 
WhenTfinger  is  placed  on  the  radial  artery-covered  here  only  by  skm  and  sub- 
cutaneous tissue-or  on  any  artery  in  the  living  body,  one  feels  a  distinct  sense  of 
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resistance,  which  becomes  more  marked  at  regular  intervals  corresponding  to  each 
heart-beat.  It  feels  as  if  the  artery  expanded  somewhat  under  the  finger.  This 
is  the  pulse.  One  can  also  feel  that  in  the  intervals  it  seems  to  recede  from  the 
finger.  In  some  situations  the  pulse  can  be  seen.  Xo  such  pulse  or  beat  is  felt 
in  a  vein.] 

[Two  or  three  fingers  ,are  placed  over  the  course  of  the  radial  artery,  and  the 
various  phenomena  in  connection  with  the  pulse  are  noted.  It  takes  much  practice 
for  the  physician  to  acquire  the  tactus  eruditus,  and  notwithstanding  the  value  of 
instruments,  every  physician  should  make  a  careful  study  of 
the  pulse-beat  with  his  finger.  In  order  to  feel  the  pulse-beat 
or  to  take  a  pulse-tracing,  there  must  be  some  resistant  body, 
e.g.,  a  bone  behind  the  artery,  and  a  certain  degree  of  pressure 
must  be  exerted  on  the  artery.] 

The  individual  phases  of  the  movement  of  the  pulse  can 
only  be  accurately  investigated  by  the  application  of  instru- 
ments to  the  arteries. 

(1)  Poiseuille's  Box  Pulse-Measurer  (1829). — An  artery  is  exposed  and 
placed  in  an  oblong  box  fdled  with  an  indifferent  fluid.  A  vertical  tube 
with  a  scale  attached  communicates  with  the  interior  of  the  box.  The 
column  of  fluid  undergoes  a  variation  with  every  pulse-beat. 

(2)  Herisson's  Tubular  Sphygmometer  consists  of  a  glass  tube  whose 
lower  end  is  covered  with  an  elastic  membrane  (fig.  83).  The  tube  is 
partly  filled  with  Hg.  The  membrane  is  placed  over  the  position  of  a 
pulsating  artery,  so  that  its  beat  causes  a  movement  in  the  Hg.  Chelius 
used  a  similar  instrument,  and  he  succeeded  with  this  instrument  in 
showing  the  existence  of  the  double  beat  (dicrotism)  in  the  normal  pulse 
(1850). 

(3)  Vierordt's  Sphygmograph  (1855). — In  this,  one  of  the  earliest 
sphygmographs,  Vierordt  departed  from  the  principle  of  a  fluctuating 
fluid  column,  and  adopted  the  principle  of  the  lever.  Upon  the  artery 
rested  a  small  pad,  which  moved  a  complicated  system  of  levers.  At 
first  he  used  a  straw  6  inches  long,  which  rested  on  the  artery.  The 
point  of  one  of  the  levers  inscribed  its  movements  upon  a  revolving 
cylinder.    This  instrument  was  soon  discarded.  -^^g- 

(4)  Marey's  Sphygmograph  consists  of  a  combination  of  a  lever  with     Sphygmometer  of 
an  elastic  spring.    The  elastic  spring  (fig.  84,  A)  is  fixed  at  one  end,  z,  Herisson  and  Chelius. 
free  at  the  other  end,  and  provided  Avith  an  ivory  pad,  y,  which  is 

pressed  by  the  spring  upon  the  radial  artery.  On  the  upper  surface  of  the  pad  there  is  a 
vertically-placed  fine-toothed  rod,  k,  which  is  pressed  upon  by  a  weak  spring,  e,  so  that  its  teeth 
dovetail  with  similar  teeth  in  the  small  wheel,  t,  from  whose  axis  there  projects  a  long,  light, 


Fig.  84. 

Scheme  of  Marey's  sphygmograph.  A,  spring  with  ivory  pad,  y,  which  rests  on  the  artery  ;  e, 
weak  spring  pressing  Jc  into  t ;  v,  writing  lever  ;  P,  piece  of  smoked  glass  or  paper  moved 
by  clock-work,  U" ;  H,  screw  to  limit  excursion  of  A  ;  S,  arrangement  for  fixing  the  instru- 
ment to  the  arm  of  the  patient. 

wooden  lever,  v,  running  nearly  parallel  with  the  elastic  spring.  This  lever  has  a  fine  style  at 
its  free  end,  s,  which  writes  upon  a  smoked  plate,  P,  moved  by  clock-work,  11,  in  front  of  the 
style.    Marey's  instrument,  as  improved  by  Mahomed  and  others,  has  been  very  largely  used. 

[Its  more  complete  form,  as  in  fig.  85,  where  it  is  shown  applied  to  the  arm,  consists  of  — (1) 
a  steel  spring,  A,  which  is  provided  with  a  pad  resting  on  the  artery,  and  moves  with  each 
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movement  of  the  artery  ;  (2)  the  lever,  C,  which  records  the  movement  ot  the  artery  and  spring 
S  a  magnified  form  on  the  smoked  paper,  G  ;  (3)  an  arrangement,  L,  whereby  the  exact  pressnre 
exert" d^pon  the  artery  is  indicated  on  the  dial,  M  ;  (4)  the  clock-work,  H,  which  ij.oves  the 
smoked  paper,  G,  at  a  miiform  rate  ;  (5)  a  framework  to  which  the  various  parts  of  the 
instrument  are  attached,  and  by  means  of  which  the  instrument  is  fastened  to  the  arm  by  straps, 

FApplication.-In  applying  the  sphygmograph,  cause  the  patient  to  seat  himself  beside  a  low 
table,  and  place  his  a?m  on  the  double-inclined  plane  (fig,  85).    lu  the  newer  form  of  mstm- 


Fig.  85. 

Marey's  improved  sphygmograph.    A,  steel  spring  ;  B,  first  lever  ;  C  writing  lever  ;  C',  its  free 
writing  end  ;  D,  screw  for  bringing  B  in  contact  with  C  ;  G,  slide  with  smoked  paper  ;  H, 
clock-work  ;  L,'screw  for  increasing  the  pressure  ;  M,  dial  indicating  the  pressure  ;  K,  K 
straps  for  tixing  the  instrument  to°the  arm,  and  the  arm  to  the  double-inclined  plane  or 
support. 

ment,  the  lid  of  the  box  is  so  arranged  as  to  unfold  to  "^^^.^^  t^^\«^PP°;;- , 
be  semi-flexed     Mark  the  position  of  the  radial  artery  with  ink.    See  that  the  clock-work  is 
■  wounS  up  and  apply  the  ivory  pad  exactly  over  the  radial  artery  where  it  lies  upon  the  radms, 


Fig.  86. 
Dudgeon's  sphygmograph. 

rte  Lir^ssTbTe  friction.    It^  most  important  to  regulate  the  pressure  exerted  upon  the 
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artery  by  means  of  the  milled  head,  L.  This  must  be  determined  for  each  pulse,  but  the  rule  is 
to  graduate  the  pressure  until  the  greatest  amplitude  of- movement  of  the  lever  is  obtained. 
Set  the  clock-work  going,  and  a  tracing  is  obtained,  which  must  be  '-fixed"  by  dipping  it  iii 


Fig.  87. 

Ludwig's  sphygmograph. 

a  rapidly  drying  varnish,  e.g.,  photographic.  In  every  case  scratch  on  the  tracing  with  a  needle 
the  name,  date,  and  amount  of  pressure  employed.] 

[(5)  Dudgeon's  Sphygmograph.— This  is  a  convenient  form  of  sphygmograph,  although 


Fig.  88. 

Scheme  of  Brondgeest's  sphygmograph.    S  S',  receiving  and  recording  (S,  S')  tambours  with 
writing  levers,  Z  and  Z' ;  K,  K',  conducting  tubes :  p,  over  heart,  p',  over  a  distant  artery. 

Broadbent  and  Roy  regard  its  results  as  untrustworthy.  The  instrument  after  being  carefully 
adjusted  upon  the  radial  artery  is  kept  in  position  by  an  inelastic  strap.    The  pressure  of  the 
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The^'rithig  leversTre  so^adjusted  that  the  ix^ovements  of  the  artery  are  magnified  fifty  times 
^^[(efLudwig's  improved  form  is  a  very  serviceable  instrument  (fig.  87).] 


Scheme  of  Landois'  angiograph. 
so  as  exactly  to  balance  the  long  arm.    The  long  arm  has  fixed  to  it     I  a  ve^^^^^^^^ 
rod  provided  with  teeth,  h,  which  is  pressed  against  a  toothed  wheel  ^rmly  fixed 
on  the  axis  of  the  very  light  writing-lever,  e,  f,  which  is  supported  ^^t^een  two  up- 
rights a  fixed  to  the  opposite  end  of  the  basal  plate,  G,  G.    The  wnting-lever  is  equilibrated 
bv  means  of  a  1  ght  weight.    The  writing-needle,^  is  fixed  by  a  joint  to  e  and  it  writes  on  the 
lte,T  The  first-mentioned  lever,  d,  %,  carries  a  shallow  cup,  Q,  just  above  the  pad  mto 
which  weights  maybe  put  to  press  on  the  pulse.    In  this  instrument  the  weight  can  ™3 
rnd  va3;  the  writing-lever  moves  vertically,  and  not  in  a  curve  as  in  Marey  s  appaiatus, 
which  greatly  facilitates  the  measuring  of  the  curves  (tig.  89)  _  anrnmer 

Othe?  sphygmographs  are  used,  both  in  this  country        abroad  including  tha  of  S^^^^ 
brodt,  which  fs  a  coniplicated  form  of  Marey's  sphygmograph,  and  those  of  f/>^^'i;^J^^^  ,  , 

[Whatever  the  form  of  the  sphygmograph,  the  Pressure  is  applied  to  the  ^r^ery  either^^^^^^ 
m  ans  of  a  spring  {Marey,  Dudgeon,  &c.)or  by  actual  weights  ^^^^^^^  PJf,^^,  ^  he 
iSommerbrodt,  Landois).    In  Marey's  form  the  lever  moves  in  an  ^^^Z/^'^^^f^^^  Z 

hat  the  upstroke  has  always  a  backward  inclination,  while  ^^l  ^ommerbrodt  s  the  lev^^^^^^^^^^ 
right  angles  to  the  paper,  and  makes  a  vertical  line.    Thus  the  torm  of  the  curve  obtained  wm 
vary  to  I  certain  extent  with  the  sphygmograph  employed.    As  a  '  f  "^SS^s 

graph  doesnot  aidoneso  much  in  diagnosis  as  has  been  claimed  for  it  It,  howevei,  accentuates 
certain  phenomena,  which  cannot  be  so  well  studied  with  the  unaided  fingers.  J 

In  every  pulse-curve- sphygmogr am  or  arteriogram -we  can  distinguish  the 
ascending  part  (ascent)  of  the  curve,  the  aper,  the  descending  part  (descent) 
Secondary  elevations  scarcely  ever  occur  in  the  as(;eiit,  which  is  usually  represented 
by  a  straight  line,  while  they  are  always  present  in  the  descent  (hg.  91 ).  bucü 
elevations  occurring  in  the  descent  are  called  catacrotic,  and  those  m  the  ascent 
anacrotic.  When  the  recoil  elevation  or  dicrotic  wave  occurs  m  a  weü-marKea 
form  in  the  descent,  the  pulse  is  said  to  be  dicrotic,  and  when  it  occurs  twice, 
tricrotic. 

Measuring  Pulse-Curves. -If  the  smoked  surface  on  which  the  tracing  is  inscribed  is  moved 
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at  a  uniform  rate  by  means  of  the  clock-work,  then  the  height  and  length  of  the  curve  are 
measured  by  means  of  an  ordinary  rule.    If  we  know  the  rate  at  which  tlie  paper  was  moved, 


The  inlet  tube  is  con- 


then  it  is  easv  to  calculate  the  duration  of  any  event  in  the  curve. 

Gas-Sphygmoscope.— A  small -metallic  or  glass  capsule  provided  with  an  inlet  and  an  outlet 
tube,  and  closed  below  by  a  fine  membrane,  is  placed  over  an  artery, 
nected  to  a  gas  supply,  and  the  outlet  to  a  rat-tailed  gas- 
burner.   The  gas-jet  responds  to  every  pulse-beat.  Czermak 
photographed  a  beam  of  light  set  in  motion  by  the  move- 
ments of  the  pulse. 

Haemautography.— Expose  a  large  artery  of  an  animal, 
and  divide  it  so  that  the  stream  of  blood  issuing  from  it 
strikes  against  a  piece  of  paper  drawn  in  front  of  the 
blood-stream.  The  curve  so  obtained  (fig.  90)  shows,  in 
addition  to  the  primary  wave,  P,  a  distinct  dicrotic  wave 
R,  and  slight  vibrations,  c,  e,  due  to  the  variations  in  the 
elasticity  of  the  arterial  wall,  which  shows  that  the  move- 
ments occur  in  the  blood  itself,  and  are  communicated  as 
waves  to  the  arterial  wall.  By  estimating  the  amount  of 
blood  in  the  various  parts  of  the  curve,  we  obtain  a  know- 
ledge of  the  amount  of  blood  discharged  by  the  divided 
artery  during  the  systole  and  diastole  {i.e.,  the  narrowing 
and  dilatation)  of  the  artery— the  ratio  is  7  :  10.  Thus  in 
the  unit  of  time,  during  arterial  dilatation,  rather  more 
than  twice  as  much  blood  flows  out  as  compared  with  what 

occurs  during  arterial  contraction,  ^  "ff^ä 

67.  PULSE-TRACING  OR  SPHYGMOGRAM.     ^.     W  e  \ 

—[The  Pulse. — With  each  systole  of  the  heart,  a  ^  /  • 
certain  quantity  of  blood  is  forced"  into  the  already  ^  ! 
filled  and  partially  distended  arteries,  the  resistance     i  ^  \ 

in  the  vessels  is  lowest  between  the  pulsations,  and 
at  this  time  the  arterial  tubes  are  somewhat  flattened, 
but  with  each  systole  of  the  left  ventricle  the  pulse- 
wave,  or  rather  the  liquid  pressure  within  the  vessel, 
is  increased,  thus  forcing  the  artery  back  into  the 
circular  form.  "The  change  of  shape,  from  the 
flattened  condition  impressed  upon  the  vessel  by  the  finger  or  the  sphygmograph 
lever,  to  the  round  cylindrical  shape  which  it  assumes  under  the  distending  force 
of  the  blood  within  it,  constitutes  the  pulse,"  and  it  indicates  the  degree  and  dura- 


HiBmautographic  curve  of  the  pos- 
terior tibial  artery  of  a  dog.  P, 
primary  pulse-wave  ;  R,  dicrotic 
wave  ;  e,  e,  elevations  due  to 
elasticity. 


B 

■    A  Fig.  91. 

A,  Pulse-tracing  by  Dudgeon's  sphygmograph.  Sphygmogiain  of  radial  artery  :  pressure  2  oz. 
Each  part  of  the  curve  between  the  base  of  one  up-stroke  and  the  base  of  the  next  up-stroke 
corresponds  to  a  beat  of  the  heart,  so  that  this  figure  shows  five  heart-beats  and  part  of  a 
sixth.    B,  Normal  pulse-tracing  taken  with  Marey's  sphygmograph  :  pressure  2^  oz. 

tion  of  the  increased  pressure  in  the  arterial  system  caused  by  the  ventricular 
systole  (Broadbent).'] 

Analysis. — A  sphygmogram  or  pulse-tracing  consists  of  a  series  of  curves 
(figs.  91,  92)  each  of  which  corresponds  with  one  beat  of  the  heart.  Each  pulse- 
curve  consists  of — 

1.  The  line  of  ascent  (a  to  b  in  fig.  91). 

2.  The  apex  (P  in  fig.  94,  and  b  in  fig.  91). 

3.  The  line  of  descent  {b  to  h  in  fig.  91).   
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(1)  The  line  of  ascent,  or  np-stroke,  is  nearly  vertical,  and  occurs  during  the 
dilatation  of  the  artery  produced  by  the  systole  of  the  left  ventricle,  when  the 
aortic  valves  are  forced  open  and  the  ventricular  contents  are  projected  into  the 
arterial  system.  [The  ascent  is  a  nearly  vertical,  uninterrupted  line,  but  in  some 
cases,  where  the  ventricle  contracts  very  suddenly,  as  occasionally  happens  in  aortic 
regurgitation,  it  is  quite  vertical  (fig.  97).] 

(2)  The  apex  or  percussion  wave  in  a  normal  pulse  is  pointed. 

(3)  The  line  of  descent  is.  gradual,  and  corresponds  to  the  diminution  of 
diameter  or  more  gradual  contraction  of  the  artery  after  the  cessation  of  the 

cardiac  systole.  It  is  interrupted 
by  two  com-pletely  didi7ict  eleva- 
tions of  secondary  waves.  Such 
elevations  are  called  "catacrotic." 
The  more  distinct  of  the  two' 
occurs  as  a  well-marked  elevation 
about  the  middle  of  the  descent 
(R  in  fig.  94  and  /in  fig.  91);  it 
is  called  the  dicrotic  wave,  or, 
with  reference  to  its  mode  of 
origin,  the  recoil  wave.''  [As 
the  descent  corresponds  to  the 
time  when  blood  is  flowing  out  of 
the  arteries  at  the  periphery  into 
the  capillaries,  its  direction  will 
depend  on  the  rapidity  of  the 
Eadial  ]iulse-tracing  by  Koy  and  Adami's  method.  outflow.  Thus  it  will  be  more 
Extra-vascular  pressure  =  100  mm.  Hg.  ^^^^^  -^^  paralysis  of  the  arterioles 

and  very  rapid  in  aortic  regurgitation,  where,  of  course,  much  of  the  blood  flows 
l)ackward  into  the  left  ventricle  (fig.  97).  In  this  case,  the  artery  will  recoil  sud- 
denly from  under  the  finger  or  pad  of  the  instrument,  and  this  constitutes  the 
"  pulse  of  empty  arteries."] 

The  dicrotic' wave,  or  recoil  wave,  corresponds  to  the  time  following  the  closure 
of  the  aortic  valves,  and  is  preceded  in  the  descent  by  a  slight  depression,  the 
aortic  notch. 

[The  tidal,  or  pre-dicrotic  wave,  occurs  between  the  apex  and  the  dicrotic  wave 
(fig.  91,  d).  It  occurs  on  the  descent,  and  during  the  contraction  of  the  ventricle. 
The  tidal  wave  is  best  marked  in  a  hjard  pulse,  i.e.,  where  the  blood-pressure  is 
high,  so  that  it  is  usually  well  marked  in  cirrhotic  disease  of  the  kidney,  accom- 
panied by  hypertrophy  of  the  left  ventricle.] 

There  may  be  other  secondary  waves  in  the  lower  part  of  the  descent. 

[Respiratory  or  Base  Line. — If  a  line  be  drawn  so  as  to  touch  the  bases  of  all 
the  up-strokes,  we  obtain  a  straight  line,  hence  called  by  this  name.  The  base  line 
is  altered  in  disease  and  during  forced  respiration  (§  74).] 

[Pulse-tracings  obtained  in  difi'erent  ways  from  diiferent  animals  and  man 
resemble  each  other  in  that  they  all  show  an  uninterrupted  rapid  up-stroke,  culminat- 
ing in  the  point  of  the  curve  'which  forms  the  percussion-wave  or  first  secondary 
wave  of  the  pulse.  Between  the  apex  and  the  next  small  wave  is  a  notch,  the 
pre-dicrotic  notch,  followed  immediately  by  the  tidal  wave.  After  this  is  the 
deeper  dicrotic  notch,  and  then  the  dicrotic  wave.  This  is  followed  by  a  more  or 
less  prominent  short  Avave,  between  which  and  the  lowest  part  of  the  curve  is  a 
large  flattened  wave.] 

[Roy  and  Adami  adopt  a  somewhat  difi'erent  terminology,  based  on  the  views  they 
hold  as  to  the  cause  of  the  several  parts  of  a  pulse-tracing.  The  term  up-stroke  is 
retained,  but  the  percussion-wave  they  call  the  papillary  wave  or  first  secondary 
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wave.  According  to  them,  it  is  due  to  the  contraction  of  the  papillary  muscles, 
and  results  from  the  rise  of  pressure  due  to  contraction  of  the  papillary  muscles. 
The  next  secondary  or  tidal  wave  they  call  outflow  remainder  wave,  and  it 
corresponds  in  time  with  the  outflow  from  the  ventricles,  and  with  it  the  outflow 
from  the  ventricles  terminates.  After  this  comes  the  dicrotic  notch,  which  they 
ascribe  to  "  the  inertia  of  the  blood  in  the  aorta  and  larger  arteries,  which  has 
gained  a  certain  velocity  during  the  period  of  outflow  from  the  ventricle,  and 
which  upon  the  blood  ceasing  to  leave  the  ventricle  necessarily  causes  a  negative 
wave,  commencing  at  the  root  of  the  aorta,  and  propagated  in  the  same  direction 
as  the  positive  wave."  Then  follows  the  dicrotic  wave,  which  they  ascribe  to 
inertia,  and  then  the  long  slow  descent  marked  by  a  rounded  shoulder,  and  perhaps 
another  small  inertia  wave.] 

[In  some  cases,  e.g.,  mitral  regurgitation,  the  pre-dicrotic  wave  may  be  present  in  some 
pulse-beats  and  absent  in  others  (fig.  93),  where  the  tidal  wave  is  present  in  the  larcrest  pulse, 
and  absent  in  the  others, 
wliile  the  base  line  is  un- 
even. In  mitral  stenosis 
the  amount  of  blood  dis- 
charged into  the  left  ven- 
tricle frequently  varies, 
hence  the  variations  in 
the  characters  of  the  ar- 
terial pulse.] 

Tlie  pulse-curve  indi-  Irregular  pulse  of  mitral  regurgitation, 

cates  the  variations  of 

pressure  which  the  blood  exerts  on  the  arterial  walls,  for  the  lever  rises  and  falls  with  the 
pressure,  hence  v.  Kries  calls  it  the  "pressure-pulse." 

68.  ORIGIN  OF  THE  DICROTIC  WAVE.— The  dicrotic,  or  recoil  wave, 

which  is  always  present  in  a  normal  pulse,  is  caused  thus: — During  the  ventricular 
systole  a  mass  of  blood  is  propelled  into  the  already  full  aorta,  whereby  a  positive 
wave  is  rapidly  transmitted  from  the  aorta  throughout  the  arterial  system,  even  to 
the  smallest  arterioles,  in  ivliich  this  primary  wave  is  extinguished.  As  soon  as  the 
semi-lunar  valves  are  closed,  and  no  more  blood  flows  into  the  arterial  system,  the 
arteries,  which  were  previously  distended  by  the  mass  of  blood  suddenly  thrown 
into  them,  recoil  or  contract,  so  that  in  virtue  of  the  elasticity  (and  contractility) 
of  their  walls,  they  exert  a  counter-pressure  upon  the  column  of  blood,  and  thus 
the  blood  is  forced  onwards.  There  is  a  free  passage  for  it  towards  the  periphery, 
but  towards  the  centre  (heart)  it  impinges  upon  the  already  closed  semi-lunar 
valves.  This  develops  a  new  positive  wave,  which  is  propagated  peripherally 
through  the  arteries,  where  it  disappears  in  their  finest  branches.  In  those  cases 
where  there  is  sufficient  time  for  the  complete  development  of  the  pulse-curve  (as 
in  the  short  course  of  the  carotids,  and  in  the  arteries  of  the  upper  arm,  but  not 
in  those  of  the  lower  extremity,  on  account  of  their  length),  a  second  reflected 
wave  may  be  caused  in  exactly  the  same  way  as  the  first.  J ust  as  the  pulse 
occurs  later  in  the  more  peripherally  placed  arteries  than  in  those  near  the  heart, 
so  the  secondary  wave  reflected  from  the  closed  aortic  valves  must  appear  later  in 
the  peripheral  arteries.  Both  kinds  of  waves,  the  primary  pulse-wave,  the 
secondary,  and  eventually  even  the  tertiary  reflected  wave — arise  in  the  same  place, 
and  take  the  same  course,  and  the  longer  the  course  they  have  to  travel  to  any 
part  of  the  arterial  system,  the  later  they  arrive  at  their  destination. 

[Amongst  the  conditions  which  favour  dicrotism  are  low  blood-pressure  and  a  rapid  sharp 
cardiac  contraction.  When  the  blood-pressure  is  low,  there  is  less  resistance  to  the  inflow  of 
blood  at  the  aorta  from  the  left  ventricle,  so  that  its  systole  occurs  sharply,  forcing  on  the 
blood  and-disteading  the  arterial  walls.  The  elastic  coats  rebound  on  the  contained  blood,  and 
thus  start  a  wave  from  the  closed  semi-lunar  valves.] 

[Roy  and  Adami  have  shown  that  increased  depth  of  the  dicrotic  notch  is  obtained  "by  any 
cause  which  diminishes  the  volume  of  blood  which  is  thrown  out  by  the  ventricle  at  each  con- 
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traction  and  (contrary  to  the  usual  teaching  on  this  subject),  also  by  any  cause  which,  cceteris 
paribus,  raises  the  pressure  within  the  systemic  arteries.  Again,  a  pulse-wave  with  greatly  in- 
creased dicrotism  mav  occur  with  intra-arterial  pressures  at  or  above  the  normal.  I  here  are, 
however  ditterences  between  the  increased  dicrotism  of  high  and  of  low  pressure.    From  this  it 


Fig.  94. 

I  II  III,  sphygmograms  of  carotid  artery;  IV,  axillary;  V  to  IX,  radial;  X,  dicrotic  radial 
'     pulse;  XI,  XII,  crural;  XIII,  posterior  tibial;  XIV,  XV,  pedal.    In  all  the  curves  P 
indicates  apex  ;  R,  dicrotic  wave ;  e,  e,  elevations  due  to  elasticity ;  K,  elevation  caused 
by  the  closure  of  the  semi-lunar  valves  of  the  aorta. 

follows  that  the  mere  form  of  the  pulse-wave  is  not  a  safe  guide  to  the  height  of  the  medium 
arterial  pressure.] 

The  following  points  regarding  the  dicrotic  wave  have  been  ascertained  experi- 
mentally, chiefly  by  Landois  : — 

1.  The  dicrotic  wave  occurs  later  in  the  descending  part  of  the  curve,  the  further 
the  artery  experimented  upon  is  distant,  from  the  heart.  Compare  the  curves, 
fig.  94.. 
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The  shortest  accessible  course  is  that  of  the  carotid  ;  Avhere  the  dicrotic  wave  reaches  its 
maximum  0-35  to  0-37  sec.  after  the  beginning  of  the  pulse.  In  the  upper  extremity  the  apex 
of  the  dicrotic  wave  is  0-36  to  0-38  or  0-40  sec.  after  the  beginning  of  the  pulse-beat.  The 
longest  course  is  that  of  the  arteries  of  the  lower  extremity.  The  apex  of- the  dicrdtic  wa^ve 
occurs  0-45  to  0-52  or  0-59  sec.  after  the  beginning  of  the  curve.  It  varies  with  the  height  of 
the  individual. 

2.  The  dicrotic  elevation  in  the  descent  is  lower,  and  is  less  distinct,  the  further 
the  artery  is  situated  from  the  heart,  so  that  the  longer  the  distance  which  the 
wave  has  to  travel  the  less  distinct  it  becomes. 

3.  It  is  best  marked  in  a  pulse  where  the  primary  pulse-wave  is  short  and  ener- 
getic.   It  is  greatest  relatively  when  the  systole  of  the  heart  is  short  and  energetic. 

4.  It  is  better  marked  the  lower  the  tension  of  the  blood  within  the  arteries,  [and 
is  best  developed  in  a  soft  pulse].  In  fig.  94,  IX  and  X  were  obtained  when  the 
tension  of  the  arterial  was  loio;  V  and  VI,  medium;  and  VII  with  high  tension. 

[Soft  and  Hard  Pulse. — A  soft  pulse  may  be  one  with  low  arterial  tension  ;  in  a 
hard  pulse  the  tension  is  high.  In  a  soft  pulse  the  dicrotic  wave  is  always  well 
marked,  and  the  tidal  wave  small  or  absent.    In  a  soft^Dulse  and  pulse  of  low 


Fig.  95. 

Schemata  of  pulse-tracings.  1,  normal;  2,  low  tension  and  soft  pulse;  3,  high  tension  and 
hard  pulse  ;  4,  soft  pulse  fully  dicrotic  ;  f^.,  very  soft  pulse  and  hyperdicrotic  ;  K,  respiratory 
or  base  line.    Tiie  dotted  line  is  put  in  to  show  the  relation  of  the  tidal  wave. 

tension,  if  a  line  be  drawn  from  the  apex  of  the  sphygmogram  to  the  lowest  point 
of  the  aortic  notch,  the  tidal  wave,  if  present  at  all,  falls  below  this  line,  as  in 
the  diagram  (fig.  95). 

In  a  hard  pulse  the  tension  is  high,  and  the  tidal  wave  is  well  marked,  extending 
above  a  line  drawn  from  the  apex  to  the  lowest  point  of  the  aortic  notch.] 

Conditions  influencing  Arterial  Tension.— It  is  diminished  at  the  beginning  of  inspiration 
(§  74),  by  haemorrhage,  stoppage  of  the  heart,  heat,  an  elevated  position  of  parts  of  the  body, 
amyl  nitrite,  nitro-glycerin,  and  the  nitrites  generally.  [Both  drugs  accelerate  the  pulse-beats 
and  produce  marked  dicrotism;  with  amyl  nitrite  the  full  effect  is  obtained  in  from  15  to  20 
sec.  after  the  inhalation  of  the  dose  (fig.  96,  A,  A'),  but  with  nitro-glycerin  not  until  6  or  7 


Fig.  96. 

Pulse-tracings.  A,  normal;  A',  'one  minute  after  inhalation  of  amyl  nitrite;  B,  normal; 
B'  after  a  dose  of  nitro-glycerine  {Stirling  of tßr  Murr  ell). 
min.  (fig.  96,  B,  B')  and  in  the  latter  case  the  effects  last  longer.]  It  is  increased  at  the 
beginning  of  expiration  by  accelerated  action  of  the  heart,  stimulation  of  vaso-motor  nerves, 
diminished  outflow  of  blood  at  the  periphery,  and  by  inflammatory  congestion  due  to  certain 
poisons,  as  lead  ;  compression  of  other  large  arterial  trunks,  action  of  cold  and  electricity  on 
the. smaH  cutaneous  vessels,  and  by  impeded  outflow- of  venoua  blood.  When  a  large  arterial 
trunk  is  exposed,  the  stimulation  of  the  air  causes  it  to  contract,  resulting  in  an  increased 
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tension  within  the  vessel.  In  many  diseased  conditions  the  arterial  tension  is  greatly  increased 
—[e.g.,  in  Bright's  disease,  where  the  kidney  is  contracted  ("granular"),  and  where  the  left 
ventricle  is  hypertrophied.]  ,  ,      ,     t     ^.  ^  •  ^ 

In  all  these  conditions  increased  arterial  tension  is  innicated  by  the  dicrotic  wave  being  less 
hio-h  and  less  distinct,  while  with  diminished  arterial  tension  it  is  a  larger  and  apparently 
more  independent  elevation.  Moens  has  shown  that  the  time  between  the  primary  elevation 
and  the  dicrotic  wave  increases  with  increase  in  the  diameter  of  the  tube,  with  diminution  of 
its  thickness,  and  when  its  coefficient  of  elasticity  diminishes. 

[The  dicrotic  w^ave  is  absent  or  but  slightly  marked  in  cases  of  atheroma  and  m  aortic 
regurgitation  (fig.  97).    In  this  fig.  observe  also  the  vertical  character  of  the  up-stroke.] 

Elastic  Elevations. — Besides  the  dicrotic  wave, 
a  number  of  small  less-marked  elevations  occur  in 
the  course  of  the  descent  in  a  sphygmogram  (fig. 
94,  e,  e).  These  elevations  are  caused  by  the  elastic 
tube  being  thrown  into  vibrations  by  the  rapid 
energetic  pulse-wave,  just  as  an  elastic  membrane 
vibrates  when  it  is  suddenly  stretched.  The  artery 
also  executes  vibratory  movements  when  it  passes 
suddenly  from  the  distended  to  the  relaxed  condi- 
tion.  These  small  elevations  in  the  pulse-curve, 
Aortic  regurgitation.  caused  by  the  elastic  vibrations  of  the  arterial 

wall,  are  called  "  elastic  elevations"  by  Landois. 

(1)  The  elastic  vibrations  increase  in  number  in  one  and  the  same  artery  with 
the  degree  of  tension  of  the  elastic  arterial  wall.  A  very  high  tension  occurs  in 
the  cold  stage  of  intermittent  fever,  in  which  case  these  elevations  are  well  marked. 

(2)  If  the  tension  of  the  arterial  wall  be  greatly  diminished,  these  elevations 
may  disappear,  so  that,  while  diminished  tension  favours  the  production  of  the 
dicrotic  wave,  it  acts  in  the  opposite  way  with  reference  to  the  "  elastic  eleva- 
tions." (3)  In  diseases  of  the  arterial  walls  affecting  their  elasticity,  these 
elevations  are  either  greatly  diminished  or  entirely  abolished.  (4)  The  farther 
the  arteries  are  distant  from  the  heart,  the  higher  are  the  elastic  elevations.  (5) 
When  the  mean  pressure  within  the  arteries  is  increased  by  preventing  the  outflow 
of  blood  from  them,  the  elastic  vibrations  are  higher  and  nearer  the  apex  of  the 
curve.  (6)  They  vary  in  number  and  length  in  the  pulse-curves  obtained  from 
different  arteries  of  the  body. 

When  the  arm  is  held  in  an  upright  position,  after  five  minutes  the  blood-vesäels  empty 
themselves,  and  collapse,  while  the  elasticity  of  the  arteries  is  diminished. 

69.  Dicrotic  Pulse.— Sometimes  during  fever,  especially  when  the  temperature 
is  high,  a  dicrotic  pulse  may  be  felt,  each  pulse-beat,  as  it  Avere,  being  composed 
of  two  beats  (fig.  94,  X),  one  beat  being  large  and  the  other  small,  and  more  like 
an  after-beat.  Both  beats  correspond  to  one  beat  of  the  heart.  The  two  beats 
are  quite  distinguishable  by  the  touch.  The  phenomenon  is  only  an  exaggerated 
condition  of  what  occurs  in  a  normal  pulse.  The  sensible  second  beat  is  nothiwj 
more  than  the  greatly  increased  dicrotic  elevation,  which,  under  ordinary  conditions, 
is  not  felt  by  the  finger. 

Conditions  for  dicrotism.— The  occurrence  of  a  dicrotic  pulse  is  favoured  (1)  by  a  short 
primary  pulse-wave,  as  in  fevers,  where  the  heart  beats  rapidly.  ,  , ,  , 

(2)  By  diminished  arterial  tension.  A  short  systole  and  diminished  arterial  blood-pressure  are 
the  most  favourable  conditionafor  causing  a  dicrotic  pulse.  [So  that  dicrotism  is  best  marked  in 
a  soft  pulse  (p.  120).]  The  double  beat  may  he  felt  only  at  certain  parts  of  the  arterial  system, 
whilst  at  other  parts  only  a  single  beat  is  felt.  A  favourite  site  is  the  radial  artery  of  one  or 
other  side,  where  conditions  favourable  to  its  occurence  appear  to  exist.  This  seems  to  be. due 
to  a  local  diminution  of  the  blood-pressure  in  this  area,  owing  to  the  paralysis  of  its  vaso- 
motor nerves  {Landois).  If  the  tension  be  increased  by  compressing  other  large  arterial  trunks 
or  the  veins  of  the  part,  the  double  beat  becomes  a  simple  pulse-beat.  The  dicrotic  pulse  m 
fever  seems  to  be  due  to  the  increased  temperature  (39°  to  40°  C),  whereby  the  artery  is  more 
distended,  and  the  heart-beat  is  shorter  and  more  prompt. 
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(3)  It  is  absolutely  necessary  that  the  elasticity  of  the  arterial  xoall  he  normal.  The  dicrotic 
pulse  does  not  occur  in  old  persons  with  atheromatous  arteries. 

Monocrotic  Pulse. — In  fig.  98,  A,  B,  C,  we  observe  a  gradual  passage  of  the  normal  radial 
curve,  A,  into  the  dicrotic  beat,  B,  and  C,  where  the  dicrotic  wave,  r,  appears  as  an  independent 


Fig.  99. 
Hyperdicrotic  pulse. 


Fig.  98. 

Development  of  the  Pulsus  dicrotus — P.  caprizans  ;  P.  nionocrotus. 

elevation.  If  the  frequency  of  the  pulse  increases  more  and  more  in  fever,  the  next  follow- 
ing pulse-beat  may  occur  in  the  ascending  part  of  the  dicrotic  wave,  D,  E,  F,  and  it  may  be  even 
close  to  the  apex  of  the  latter  (G)  (P.  caprizans).  If  the  next  following  beat  occurs  in  the  depres- 
sion, i,  between  the  primary  elevation,  2^,  and  the  dicrotic  elevation,  r,  the  latter  entirely  disap- 
pears, and  the  curve,  H,  assumes  what 
Landois  calls  the  "monocrotic"  type. 

[Degrees  of  Dicrotism. — When  the  /\  /\  /\  /\ 
aortic  notch  reaches  the  respiratory 
or  base  line,  the  tidal  wave  having 
disappeared,  the  pulse  is  said  to  be 
fully  dicrotic  (fig.  95.).  When  the 
aortic  notch  falls  below  the  base 
line,  i.e.,  below  where  the  up-stroke 
begins,  the  pulse  is  said  to  be  hyperdicrotic  (figs.  95,  99).  This  form  occurs^during  high  fever 
(101°  F.),  and  is  usually  a  grave  sign,  indicating  exhaustion  and  the  need  for  stimulants.] 

70.  CHARACTERS  OF,.,  THE  PULSE.— [The  three  factors  concerned  in  the 
production  of  the  pulse  are,  (1)  the  action  of  the  heart,  (2)  the  elasticity  of  the 
large  vessels,  (3)  the  resistance  in  the  small  arteries  and  capillaries.  Any  or  all 
or  several  of  these  factors  may  be  modified.] 

(1)  Frequency. — According  as  a  greater  or  less  number  of  beats  occurs  in  a  given  time,  e.g., 
per  minute,  the  pulse  is  said  to  be  frequent  or  infrequent.  The  normal  rate,  in  man  =  71 
per  minute,  and  somewhat  more  in  tlie  female;  in  fever  it  may  exceed  120  (250  have  been 
counted  by  Bowles),  while  in  other  diseases  it  may  fall  to  40,  and  even  10  to  15  ;  but  such 
cases  are  rare  and  are  probably  due  to  an  affection  of  the  cardiac  nerves  (§  41).  The  frequency 
of  the  pulse  is  usually  increased  when  the  respirations  are  deeper,  but  not  more  numerous,  i.e., 
rapid  shallow  respirations  do  not  affect  the  frequency  of  tlie  pulse,  but  deep  respirations  do. 
[The  frequency  may  be  regular  or  irregular  with  regard  to  time.] 

(2)  Celerity  or  Eapidity.---If  the  pulse-wave  is  developed,  so  that  the  distention  of  the  artery 
slowly  reaches  its  height,  and  the  relaxation  also  takes  place  gradually,  we  have  the  ]».  tardus 
or  sloiv  or  long  pulse;  the  oi)posite  condition  gives  rise  to  the  p.  celer  or  quick  or  short  pulse. 
The  rapidity  of  the  pulse  is  increased  by  quick  action  of  the  heart,  power  of  expansion  of  the 
arterial  walls,  easy  efflux  of  blood  owing  to  the  dilatation  of  the  small  arteries,  and  by  nearness 
to  the  heart.  [The  quickness  has  reference  to  a  single  pulse-beat,  the  frequency  to  a  nuiaber  oH 
beats.]  In  a  quick  pulse,  the  curve  is  high  and  the  angle  at  the  apex  is  acute,  while  in'a  slow; 
pulse  the  ascent  is  low  and  the  angle  at  the  apex  is  large. 

(3)  Conditions  affecting  the  Pulse-Rate.— Frequency  in  Health.  — In  man  the  normal  pulse- 
rate  =  71  to  72  beats  per  minute,  in  the  female  about  80.  In  some  individuals  the  pulse-rate 
may  be  higher  (90  to  100),  in  others  lower  (50),  and  such  a  fact  must  be  borne  in  mind. 

(a)  Age  :— 


Newly  born, 

1  year, 

2  vears, 
3",, 

4  . 


Beats  per 

Minute. 
130  to  140 
120  to  130 
105 
100 

97 


5  years, 
10  „ 

10  to  15  years, 
15  to  20  ,, 
20  to  25 


Beats  per 
Minute. 
94  to  90 
about  90 
.  78 
.  70 
.  70 


25  to  50  years, 
60  years,  . 
80  ,  „ 

80  to  90  years, 


Beats  per 
Minute. 
70 
74. 
79. 
over  80 
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CHARACTERS  OF  THE  PULSE. 


[Sec.  70. 


(b)  The  length  of  the  body  has  a  certain  relation  to  the  frequency  of  the  pulse.  The  following 
results  have  been  obtained  by  Czarnecki  from  the  formula  of  Volkmann  and  Rameaux:— 

Pulse  Length  of  Body  Pulse. 

Calculated.    Observed.  mem.  Calculated.  Observed. 

90  103 


Length  of  Body 
in  cm. 
80  to  90, 
90  to  100, 
100  to  110, 
110  to  120, 
120  to  130. 
130  to  140, 


in  cm. 
140  to  150, 
150  to  160, 
160  to  170, 
170  to  180, 
Above  180, 


74 


65 
64 
60 


(c)  The  pulse-rate  is  increased  by  muscular  activity,  by  every  increase  of  the  arterial  blood- 
pressure,  by  taking  of  food,  increased  temperature,  painful  sensations,  by  psychical  disturbances, 
and  \in  extreme  debility-].  Increased  heat,  fever,  or  pyrexia  iricreases  the  frequency,  and  as  a 
rule  the  increase  varies  with  the  height  of  the  temperature.  [Dr  Aitken  states  that  an  increase 
of  the  temperature  of  1°  F.  above  98°  F.  corresponds  with  an  increase  ot  ten  pulse-beats  per 


minute 
Temp.F. 


thus- 


98° 
99° 
100° 


Pulse-Eat  e. 
60 

70 
80 


Temp.  F. 
101° 
102° 
103° 


Temp.  F. 
104° 
105° 
106° 


Pulse-Rate 
120 
130 
140 


Pulse-Rate 
90 
100 
.  110 

This  is  merely  an  approximate  estimate.]  It  is  more  frequent  when  a  person  is  standing  than 
when  he  lies  down.  Music  accelerates  the  pulse  and  increases  the  blood-pressure  m  dogs  and 
men.    Increased  barometric  pressure  diminishes  the  frequency.  o.  ni.,. 

The  Variation  of  the  Pulse-Rate  during  the  Day.— 3  to  6  a. m.  =  61  beats  ;  8  to  11  ^  a.m.  =  74. 
It  then  falls  towards  2  p.m.;  towards  3  (at  dinner-time)  another  increase  takes  place  and  goes 
on  until  6  to  8  p.m.  =70;  and  it  falls  until  midnight^^ 54.    It  then  nses  again  towards 
2  A.M.,  when  it  soon  falls  again,  and  afterwards  rises  as  before  towards  3  to  6  A.M. 
[Pulse-Rate  in  Animals. — {Colin). 


Elephant, 
Camel, . 
Giratl'e, 
Horse,  . 
Ox,  . 
Tapir,  . 
Ass, 

Pig,  • 
Lion,  . 

(4) 
pulse. 


Variations 


Per  Min. 
25-28 
28-32 
66 
36-40 

45-  50 
44 

46-  50 
70-80 


Lioness, 

Tiger, 

Sheep, 

Goat, 

Leopard, 

Wolf  (female), 

Hyaena, 

Dog, 

Cat,  . 


Per  Min. 

68 

Rabbit, 

74 

Mouse, 

70-80 

Goose, 

70-80 

Pigeon, 

60 

Hen,  . 

96 

Snake, 

55 

Carp,  .  . 

90-100 

Frog,  . 

120-140 

Salamander, 

Per  Min. 
120-150 
120 

no 

136 
140 
24 
20 
80 
771 


n  the  Pulse-Rhythm  (AUorhythmia).— On  applying  the  fingers  to  the  normal 


feel  beat  after  beat  occurring  at  apparently  equal  in 


tervals. 


beat  is  omitted  =  pulsus  intermittens, 


Sometimes  in  a  normal 
intermittent  pulse.     [In  feeling  an  inter- 
mittent pulse,  we  imagine  or  have  the 
mpression  that  a  beat  is  omitted. 
This  may  be  due  to  a  reflex  arrest  of 
he  ventricular  contraction,  caused  by 
ligestive  derangement,  in  w^hich  case 
it  has  no  great  significance;  but  if  it 
p,.  be  due  to  failure  of  the  ventricular 

'  action,  intermittent  pulse  is  a  serious 

.  Pulsus  alternans.  symptom,  being  frequently  .present 

when  the  muscular  walls  are  degenerated.]  At  other  times  the  beats  become  smaller  and 
smaller,  and  after  a  certain  time  begin  as  large  as  before  =  p.  myurus.    When  an  extia  beat 

is  intercalated  in  a  normal  series = p.  mter- 
currens.  The  regular  alternation  of  a  high 
and  a  low  beat  =  p.  alternans  (fig.  100).  In 
the  p.  bigeminus  of  Traube  the  beats  occur 
in  pairs,  so  that  there  is  a  longer  pause  after 
every  two  beats  (fig.  101).  Traube  found  that 
he  could  produce  this  form  of  pulse  in  curar- 
■p-     .A.  ised  dogs  by  stopping  the  artificial  respira- 

■.  tion  for  a  long  time.    The  p.,  trigeminus 

Pulsus  bigeminus.  and  quadrigeminus  occur  in  the  same  way, 

but  the  irregularities  occur  after  every  third  and  fourth  beat.    i^^^l  /^^^^.^^^V'lhilJriprTllv 
irregularitief  of  the  pulse  were  apt  to  occur,  as  well  as  great  irregularity  m    Y^^/ ^^J^,  ^f^^^^^^^^^^ 
when  there  is  much  resistance  to  the  circulation,  and.consequent  y  the  heaiM:  has  great  de^^^^^^^ 
upon  its  energy.    The  same  occurs  in  man  where  an  improper  relation  exists  between  the  lorce 
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of  the  cardiac  muscle  and  the  work  it  has  to  do  {Riegel).  Complete  irregularity  of  the  heart's 
action  is  called  arhythmia  cordis. 

71.  VARIATIONS  IN  THE  CHARACTERS  OF  THE  PULSE.— Compressibility.— The  rela- 
tive strength  or  compressibility  of  the  pulse  (p.  fortis  and  debilis),  i.e.,  whether  the  pulse  is 
strong  or  weak,  is  estimated  by  the  weight  which  the  pulse  is  able  to  raise.  A  sphygmograph, 
provided  with  an  index  indicating  the  amount  of  pressure  exerted  upon  the  spring  pressing  upon 
the  arter}',  may  be  used  (fig.  85).  In  this  case,  as  soon  as  the  pressure  exerted  upon  the  artery 
overcomes  the  pulse-beat,  the  lever  ceases  to  move.  The  weight  employed  indicates  the  strength 
of  the  pulse.  .  [  I'he  finger  may  be,  and  generally  is  used.  The  finger  is  pressed  upon  the  artery 
until  the  pulse-beat  in  the  artery  beyond  the  point  of  pressure  is  obliterated.  In  health  it  re- 
quires a  pressure  of  several  ounces  to  do  this.  Handheld  Jones  uses  a  sphygmometer  for  this 
purpose.  It  is  constructed  like  a  cylindrical  letter-weight,  and  the  pressure  is  exerted  by  means 
of  a  spiral  spring  which  has  been  carefully  graduated.]  The  pulse  is  hard  ov  soft  when  the 
artery,  according  to  the  mean  blood-pressure,  gives  a  feeling  of  greater  or  less  resistance  to  the 
finger,  and  this  quite  independent  of  the  energy  of  the  individual  pulse-beats  (p.  durus  and 
mollis).  In  estimating  the  tension  of  the  artery  and  the  pulse,  i.e.,  whether  it  is  hard  or  soft^ 
it  is  important  to  observe  whether  the  artery  has  this  quality  only  during  the  pulse-wave,  i.e., 
if  it  is  hard  during  diastole,  or  whether  it  is  hard  or  soft  during  the  period  of  rest  of  the  arterial 
wall.  All  arteries  are  harder  and  less  compressible  during  the  pulse-beat  than  during  the  period 
of  rest,  but  an  artery  which  is  very  hard  during  the  pulse-beat  may  be  hard  also  during  the 
pause  between  the  pulse-beats  ;  or  it  may  be  very  soft,  as  in  insufficiency  of  the  aortic  valves. 
In  the  latter  case,  after  the  systole  of  the  left  ventricle,  owing  to  the  incompetency  of  the  aortic 
semi-lunar  valves,  a  large  amount  of  blood  flows  back  into  the  ventricle,  so  that  the  arteries  are 
thereby  suddenly  rendered  partially  empty.  [The  sudden  collapse  of  the  artery  gives  rise  to 
the  characteristic  "  pulse  of  unfilled  arteries  "(fig.  97),  sometimes  also  called  "  Corrigan's  pulse."] 

Under  similar  conditions,  the  volume  of  the  pulse  is  obvious  from  the  size  of  the  sphygmo- 
gram,  so  that  we  speak  of  a  large  and  a  small  or  thready  pulse  (p.  magnus  and  parvus).  Some- 
times the  pulse  is  so  thready  and  of  such  diminished  volume  that  it  can  scarcely  be  felt.  A 
large  pulse  occurs  in  disease  when,  owing  to  hypertrophy  of  the  left  ventricle,  a  large  amount 
of  blood  is  forced  into  the  aorta.  A  small  pulse  occurs  under  the  opposite  condition,  when  a 
small  amount  of  blood  is  forced  into  the  aorta,  either  from  a  diminution  of  the  total  amount  of 
the  blood,  or  from  the  aortic  orifice  being  narrowed  [aortic  stenosis],  or  from  disease  of  the 
mitral  valve  ;  again,  where  the  ventricle  contracts  feebly,  the  pulse  becomes  small  and 
thready. 

Com.pare  the  two  radials.  Sometimes  the  pulse  differs  on  the  two  sides,  or  it  may  be  absent 
on  one  side.  [The  pulse-wave  in  the  two  radials  is  often  different  when  an  aneurism  is  present 
on  one  side.] 

Angiometer. — Waldenburg  constructed  a  "pulse-clock"  to  register  the  tension,  the  diameter 
of  the  artery,  and  the  volume  of  the  pulse  upon  a  dial.  It  does  not  give  a  graphic  tracing,  the 
results  being  marked  by  the  position  of  an  indicator. 

72.  THE  PULSE-CURVES  OF  VARIOUS  ARTERIES.— 1.  Carotid  (fig.  94  I,  II,  III  ; 

fig.  94,  C  and  Ci).  The  ascending  part  is  very  steep — the  apex  of  the  curve  (fig.  94,  P)  is  sharp 
and  high.  Below  the  apex  there  is  a  small  notch— the  "aortic  notch"  (fig,  94,  K) — which 
depends  on  a  positive  wave  formed  in  the  root  of  the  aorta,  owing  to  the  closure  of  the  aortic 
valves,  and  propagated  with  almost  wholly  undiminished  energy  into  the  carotid  artery.  Quite 
close  to  this  notch,  if  the  curve  be  obtained  with  minimal  friction,  the  first  elastic  vibration 
occurs  (fig.  94,  II,  e).  Above  the  middle  of  the  descending  part  of  the  curve  is  the  dicrotic 
elevation,  R,  produced  by  the  reflection  of  a  positive  wave  from  the  already  closed  semi-lunar 
valves.  The  dicrotic  wave  is  relatively  small  on  account  of  the  high  tension  in  the  carotid 
artery.  After  this  the  curve  falls  rapidly,  but  in  its  lowest  third  two  small  elevations  may  be 
seen.  Of  these  the  former  is  due  to  elastic  vibration.  The  latter  represents  a  second  dicrotic 
wave  (fig.  94,  III,  R).  Here  there  is  a  true  tricrotism,  which  is  more  easily  obtained  from  the 
carotid  on  account  of  the  shortness  of  the  arterial  channel. 

2.  Axillary  Artery  (fig.  94,  IV).  In  this  curve  the  ascent  is  very  steep,  while  in  the  descent 
near  the  apex  there  is  a  small  (aortic)  elevation,  K,  caused  by  a  positive  wave,  produced  by  the 
closure  of  the  aortic  valves.  Below  the  middle  there  is  a  tolerably  high  dicrotic  elevation,  K, 
higher  than  in  the  carotid  curve  ;  because  in  the  axillary  artery  the  arterial  tension  is  less,  and 
permits  a  greater  development  of  the  dicrotic  wave.  Further  on,  two  or  three  small  elastic 
vibrations  occur,  e,  e. 

3.  Radial  Artery  (fig.  94,  V  to  X  ;  fig.  106,  R  and  R^).  The  line  of  ascent  (fig.  94)  is  toler- 
ably high  and  sudden — somewhat  in  the  form  of  a  long/.  The  apex  Pis  well  marked.  Below 
this,  if  the  tension  be  high,  two  elastic  vibrations  may  occur  (V,  e,  e),  but  if  it  be  low  only  one 
(VI  to  IX,  e).  About  the  middle  of  the  curve  is  the  well-marked  dicrotic  elevation,  R.  This 
wave  is  least  pronounced  in  a  small  hard  pulse,  and  when  the  artery  is  much  distended  (fig.  94, 
VII,  R)  ;  it  is  larger  when  the  tension  is  low  (fig.  94,  IX,  R),  and  is  greatest  of  all  when  the 
pulse  is  dicrotic  (X,  R).  Two  or  three  small  elastic  elevations  occur  in  the  lowest  part  of  the  curve. 
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4  Femoral  Artery  (fig.  94,  XI,  XII).  The  ascent  is  steep  and  higli— the  apex  of  the  curve 
is' not  unfrequently  broad,  and  in  it  the  closure  of  the  aortic  valves  (K)  is  indicated.  The 
curve  falls  rapidly  towards  its  lowest  third.  The  dicrotic  elevation,  R,  occurs  late  after  the  be- 
crinning  of  the  curve,  and  there  are  also  small  elastic  elevations  {e,  e).  ,    .     -,  ^ 

Pedal  Artery  (tig.  94,  XIV,  XV),  and  Posterior  Tibial  (XIII).  In  pulse- curves  obtained  from 
these  arterie«  there  arc  well-marked  indications  that  the  apparatus  (heart)  producing  the  waves 
is  placed  at  a  considerable  distance.  The  ascent  is  oblique  and  low— the  dicrotic  elevation  occurs 
late  Two  elastic  vibrations  (fig.  94,  XIV,  e,  e)  occur  in  the  descent,  but  they  are  very  close 
to  the  apex,  while  the  elastic  vibrations  at  the  lower  part  of  the  curve  are  feebly  marked.  Fig. 
102  is  from 'the  posterior  tibial.  When  measured,  it  gives  the  following  result  :— 
rito2       .       .  9-5^ 

J  }  to  3  .  .  ^2  _  I  1  vibration  is  =  0-01613  sec. 
I  1  to  4  .  .  30  5 
VI  to  6  .  .  68  j 
73  Anacrotism.— As  a  general  rule,  the  line  of  ascent  of  a  pulse-curve  has  the  form  of  an/, 
and  is  nearly  vertical.  The  arterial  walls  are  thrown  into  elastic  vibration  by  the  pulse-beat 
and  the  number  of  vibrations  depends  greatly  upon  the  tension  of 
the  arterial  walls.  The  distention  of  the  artery,  or  what  is  the 
same  thing,  the  ascent  of  the  sphygmogram,  usually  occurs  so 
rapidly  that  it  is  equal  to  one  elastic  vibration.  The  elongated  / 
shape  of  the  ascent  is  fundamentally  just  a  prolonged  elastic  vibra- 
tion. When  the  number  of  vibrations  causing  the  elastic  variation 
is  small,  and  when  the  line  of  ascent  is  prolonged,  two  elevations 
occasionally  occur  in  the  line  of  ascent.  Such  a  condition  may 
occur  normally  (fig.  94,  VIII,  at  1  and  2  ;  X,  at  1  and  2).  When  a 
series  of  closely-placed  elastic  vibrations  occur  in  the  upper  part  of 
the  line  of  ascent,  so  that  the  apex  appears  dentate  and  forms  an 
angle  with  the  line  of  ascent,  then  the  condition  becomes  one  of 
anacrotism  (fig.  103,  a,  a,),  which,  when  it  is  so  marked,  may  be 
characterised  as  pathological.  Anacrotism  of  the  pulse  occurs  when 
the  time  of  the  influx  of  the  blood  is  longer  than  the  time 
occupied  bv  an  elastic  vibration.    Hence  it  takes  place  :— 

(1)  In  düatation  and  hypertrophy  of  the  left  ventricle,  e.g.,  fig.  103,  A,  a  tracing  from  the 
radial  artery  of  a  man  suffering  from  contracted  kidney,  the  large  volume  of  blood  expelled 
with  each  systole  requires  a  long  time  to  dilate  the  tense  arteries. 

(2)  When  the  extensibility  of  the  arterial  wall  is  diminished,  even  the  normal  amount  ot 
blood  expelled  from  the  heart  at  every  systole  requires  a  long  time  to  dilate  the  artery.  This 

B  C  D 


Carve  of  posterior  tibial. 
Written  by  the  angio- 
graph  upon  a  vibrating 
plate. 


Fig.  103. 

Anacrotic  radial  pulse-tracings,    a,  a,  the  anacrotic  parts, 

occurs  in  old  people  where  the  arteries  tend  to  become  rigid,  e.g.,  in  atheroma.  Cold  also 
stimulates  the  arteries  so  that  they  become  less  extensile.  Within  one  hour  after  a  tepid  bath, 
the  pulse  assumes  the  anacrotic  form  (fig.  103,  D)  ((7.  v.  Ltß&ig'). 

(3)  When  the  blood  stagnates  in  consequence  of  great  diminution  in  the  velocity  ot  the 
blood-stream,  as  occurs  in  paralysed  limbs,  the  volume  of  blood  propelled  into  the  artery  at 
every  systole  no  longer  produces  the  normal  distention  of  the  arterial  coats,  and  anacrotic 
notches  occur  (fig.  103,  B).  ,       ,         .  i      ,  e  i 

(4)  After  ligature  of  an  arterv,  when  blood  slowly  reaches  the  peripheral  part  ot  the  vessel 
through  a  relatively  small  collateral  circulation,  it  also  occurs.  If  the  brachial  artery  be  com- 
pressed so  that  the  blood  slowly  reaches  the  radial,  the  radial  pulse  may  become  anacrotic. 
It  often  occurs  in  stenosis  of  the  aorta,  as  the  blood  has  difiiculty  in  getting  into  the  aorta  (hg. 
103,  C). 

Recurrent  Pulse.— If  the  radial  artery  be  compressed  at  the  wrist,  the  pulse- 
beat  reappears  on  the  distal  side  of  the  point  of  pressure  through  the  arteries  of 
the  palm  of  the  hand  (Janaud,  Neidert),  The  curve  is  anacrotic,  and  the  dicrotic 
wave  is  diminished,  while  the  elastic  elevations  are  increased. 
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(5)  A  special  form  of  anacrotism  occurs  in  cases  of  well-marked  insufficiency  of  the  aortic 
valves.  Practically,  in  these  cases,  the  aorta  remains  permanently  open.  The  contraction  of 
the  left  auricle  causes  in  the  blood  a  wave-motion,  which  is  at  once  propagated  through  the 
open  mouth  of  the  aorta  into  the  large  blood-vessels.  This  wave  is  followed  by  the  wave  caused 
by  the  contraction  of  the  hypertrophied  left  ventricle,  but  of  course  the  former  wave  is  not  so 
large  as  the  latter.  In  insufficiency  of  the  aortic  valves,  the  auricular  wave  occurs  before  the 
ventricular  wave  in  the  ascending  part  of  the  curve.  The  auricular  is  well  marked  only  in  the 
large  vessels,  for  it  soon  becomes  lost  in  the  peripheral  vessels.  Fig.  104,  I,  was  obtained  from 
the  carotid  of  a  man  suffering  from  well-marked  insufficiency  of  the  aortic  valves,  with  con- 
siderable hypertrophy  of  the  left  ventricle  and  left  auricle.  The  ascent  is  steep,  caused  by  the 
force  of  the  contracting  heart.  In  the  apex  of  the  curve  are  two  projections;  A  is  the  anacrotic 
auricular  wave,  and  V  is  the  ventricular  wave'.    Fig  104,  II,  is  a  curve  obtained  from  the  siib- 


I.  II.  III. 

Fig.  104. 


I,  II,  III,  curves  with  anacrotic  elevations,  ci,  in  insufficiency  of  the  aortic  valves. 

elavian  artery  of  the  same  individual.  In  the  femoral  artery  the  auricular  projection  is  only 
obtained  when  the  friction  of  the  writing-style  is  reduced  to  the  minimum,  and  when  it  occurs 
it  immediately  precedes  the  beginning  of  the  ascent  (fig.  98,  III,  a).  The  pulse-curve,  in  cases 
of  aortic  insufficiency,  is  also  characterised  by — (1)  its  considerable  height ;  (2)  the  rapid  fall 
of  the  lever  from  the  apex  of  the  curve,  because  a  large  part  of  the  blood  which  is  forced  into 
the  aorta  regurgitates  into  the  left  ventricle  when  the  ventricle  relaxes  ;  (3)  not  unfrequently  a 
projection  occurs  at  the  apex,  due  to  the  elastic  vibration  of  the  tense  arterial  wall  ;  (4)  the 
dicrotic  wave  (K_)  is  small  compared  with  the  size  of  the  curve  itself,  because  the  pulse-wave, 
owing  to  the  lesion  of  the  aortic  valves,  has  not  a  sufficiently  large  surface  to  be  reflected  from 
(fig.  97).  The  great  height  of  the  curve  is  explained  by  the  large  amount  of  blood  projected 
into  the  aortic  system  by  the  greatly  hypertrophied  and  dilated  ventricle. 

74.  INFLUENCE  OF  RESPIRATION  ON  THE  PULSE-CURVE.— The 
respiratory  movements  influence  the  pulse  in  two  diff'erent  ways — (1)  in  a  jDurely 
physical  way.  Stated  broadly,  the  blood-pressure  is  lowest  at  the  beginning  of 
inspiration  and  highest  at  the  beginning  of  expiration ;  but  when  we  consider  the 
effect  on  the  pulse-curve,  it  is  found  that  it  varies  with  the  depth,  rapidity,  and 
ease  of  respiration ;  (2)  the  respiratory  movements  are  accompanied  by  stimulation 
of  the  vasomotor  centre,  which  produces  variations  of  the  blood-pressure. 

1.  Normal  Respiration.— Fig.  105  shows  what  sometimes,  but  by  no  means 
always,  happens.  During  inspiration,  owing  to  the  dilatation  of  the  thorax,  more 
arterial  blood  is  retained  within  the  chest,  while  at  the  same  time  venous  blood  is 
sucked  into  the  right  auricle  by  the  aspiration  of  the  thorax ;  as  a  consequence  of 
this,  at  first  the  tension  in  the  arteries  must  be  less  during  inspiration.  The 
diminution  of  the  chest  during  expiration  favours  the  flow  in  the  arteries,  while 
it  retards  the  flow  of  the  venous  blood  in  the  venae  cavse,  two  factors  which  raise 
the  tension  in  the  arterial  system.  The  expiration  preceding  an  inspiration  causes 
less  blood  to  flow  to  the  heart,  hence  the  contractions  of  the  heart  at  the  beginning 
of  inspiration  do  not  All  the  aorta  so  full ;  the  opposite  result  obtains  with  the 


128 


VALSALVA  AND  MÜLLER'S  EXPERIMENTS. 


[Sec.  74. 


inspiration  preceding  the  expiration.  The  difference  of  pressure  explains  the 
difference  in  the  form  of  the  pulse-curve  obtained  during  inspiration  and  expira- 
tion as  in  %  105  and  fig.  94,  I,  III,  IV,  in  which  J  indicates  the  part  of  the 
curve  which  occurred  during  inspiration,  and  E  the  expiratory  portion.  The 
following  are  the  points  of  difference:— (1)  The  greater  distention  of  the  arteries 
durincT  expiration  causes  all  the  parts  of  the  curve  occurring  during  this  phase  to 


Fig.  105. 

Influence  of  the  respiration  upon  the  pulse. 


J,  inspiration;  E,  expiration. 


be  higher  ;  (3)  the  line  of  ascent  is  lengthened  during  expiration,  because  the 
expiratory  thoracic  movement  helps  to  increase  the  force  of  the  expiratory  wave  ; 
(3)  owing  to  the  increase  of  the  pressure,  the  dicrotic  wave  must  be  less  during 
expiration  ;  (4)  for  the  same  reason  the  elastic  elevations  are  more  distinct  and 
occur  higher  in  the  curve  near  its  apex.  The  frequency  of  the  pulse  is  slightly 
less  during  expiration  than  during  inspiration. 

2.  This  purely  mechanical  effect  of  the  respiratory  movements  is  modihed  by  the 
simultaneous  stimulation  of  the  vasomotor  centre  which  accompanies  these  move- 
ments. At  the  beginning  of  inspiration  the  blood-pressure  in  the  arteries  is  lowest, 
but  it  begins  to  rise  during  inspiration,  and  increases  until  the  end  of  the  inspiratory 
act,  reaching  its  maximum  at  the  beginning  of  expiration  ;  during  the  remainder 
of  the  expiration  the  blood-pressure  falls  until  it  reaches  its  lowest  level  again  at 
the  beginning  of  inspiration  (compare  §  85,  /) ;  the  pulse-curves  are  similarly 
modified,  and  exhibit  the  signs  of  greater  or  less  tension  of  the  arteries  correspond- 
ing to  the  phases  of  the  respiratory  movements.  [There  is,  as  it  were,  a  displace- 
ment of  the  blood-pressure  curve  relative  to  the  respiratory  curve.] 

Forced  Respiration.— With  regard  to  the  effect  produced  on  the  pulse-curve  by  a 
powerful  expiration  and  a  forced  inspiration,  observers  are  by  no  means  agreed._ 

Vaslalva's  Experiment— Strong  expiratory  pressure  is  best  produced  by  closing 
the  mouth  and  nose,  and  then  making  a  great  expiratory  effort  (§  60) ;  at  first 
there  is  increase  of  the  blood-pressure,  while  the  form  of  the  pulse-waves  resembles 
that  which  occurs  in  ordinary  expiration,  the  dicrotic  wave  being  less  developed; 
but  when  the  forced  pressure  is  long  continued,  the  pulse-curves  have  all  the  signs 
of  diminished  tension.  This  effect  is  due  to  the  action  of  the  vasomotor  centre 
which  is  affected  reflexly  from  the  pulmonary  nerves.  We  must  assume  that  forced 
expiration,  such  as  occurs  in  Valsalva's  experiment,  acts  by  depressing  the  activity 
of  the  vasomotor  centre  (§  371,  II.).  Coughing,  singing,  and  declaiming  act  hke 
Valsalva's  experiment,  while  the  frequency  of  the  pulse  is  increased  at  the  same 
time  After  the  cessation  of  Valsalva's  experiment,  the  blood-pressure  rises  above 
the  normal  state  (Sommerbrodt)  almost  as  much  as  it  fell  below  it,  the  normal 
condition  being  restored  within  a  few  minutes  {Lenzmann). 

MüUer's  Experiment.— When  the  thorax  is  in  the  expiratory  phase,  close  the 
mouth  and  nose,  and  take  a  deep  inspiration  so  as  forcibly  to  expand  the  chest 
(§  60).  At  first  the  pulse-curves  have  the  characteristic  signs  of  diminished  tension, 
viz  ,  a  higher  and  more  distinct  dicrotic  wave ;  then  the  tension  can,  by  nervous 
influences,  be  increased,  just  as  in  fig.  106,  where  C  and  E  are  tracings  taken  irom 
the  carotid  and  radial  arteries  respectively,  during  MüUer's  experiment,  m  which 
the  dicrotic  waves  r,  r,  indicate  the  diminished  tension  in  the  vessels.  In  Oi  and 
El,  taken  from  the  same  person  during  Valsalva's  experiment,  the  opposite  con- 
dition occurs. 
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Compressed  Air.  — Oa  expiring  into  a  vessel  resembling  a  spirometer  (see  Respiration), 
( Waldenburg's  respiration  apparatus),  and  filled  with  compressed  air,  the  same  result  is  obtained 
as  in  Valsalva's  experiment — the  blood-pressure  falls  and  the  pulse-beats  increase  ;  conversely 
the  inspiration  from  this  apparatus  of  air  under  less  pressure  acts  like  Miiller's  experiment,  i.e., 
it  increases  the  effect  of  the  inspiration,  and  afterwards  increases  the  blood-pressure,  which  may 
either  remain  increased  on  continuing  the  experiment,  or  may  fall  {Lenzmann). 

The  inspiration  of  compressed  air  diminishes  the  mean  blood-pressure  {Zuntz),  and  the  after- 
effect continues  for  some  time.    The  pulse  is  more  frequent  both  during  and  after  the  experi- 
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Fig.  106. 


C,  curve  from  the  carotid,  and  E,,  radial,  during  Miiller's  experiment ;       and  during 
Valsalva's  experiment.    Curves  written  on  a  vibrating  surface. 

ment.  _  Expiration  in  rarefied  air  increases  the  blood-pressure.  The  effects  which  depend  upon 
the  action  of  the  nervous  system  do  not  occur  to  the  same  extent  in  all  cases.  Exposure  to 
compressed  air  in  a  pneumatic  cabinet  lowers  the  pulse-curve,  the  elastic  vibrations  become 
indistinct,  and  the  dicrotic  wave  diminishes  and  may  disappear  {v.  Vivenot).  The  heart's  beat 
is  slowed,  and  the  blood-pressure  raised  {Bert).  Exposure  to  rarefied  air  causes  the  opposite 
result,  Avhich  is  a  sign  of  diminished  arterial  tension. 

Pulsus  Paradoxus. — Under  pathological  conditions,  especially  when  there  is  union  of  the 
heart  or  its  large  vessels  with  the  surrounding  parts,  the  pulse  during  inspiration  may  be 


Fig.  107. 

Pulsus  paradoxus  (after  Kussmaul).    E,  expiration  ;  J,  inspiration. 

extremely  small  and  changed,  or  may  even  be  absent,  while  it  is  increased  in  expiration  (fig. 
107).  This  condition  has  been  called  pulsus  paradoxus  {Griesinger,  Kussmaul).  It  depends 
upon  a  diminution  of  the  arterial  lumen  during  the  inspiratory  movement  [as  in  contraction 
of  the  air-passages,  and  in  cases  of  pericardial  adhesions].  Even  in  health  it  is  possible  by  a 
change  of  the  inspiratory  movement  to  produce  the  p.  paradoxus  {Riegel,  Sommei'hrodt). 

75.  INFLUENCE  OF  PKESSURE  ON  THE  PULSE-CURVE.  — It  is  most  important  to  know 
the  actual  pressure  which  is  applied  to  an  artery  while  a  sphygmogram  is  being  taken.  The 
changes  affect  the  form  of  the  curve  as  well  as  tlie  relation  of  individual  parts  thereof.  In  fig. 
108,  a,  b,  c,  d,  e  are  radial  curves  ;  a  was  taken  with  minimal  pressure,  b  with  100,  e,  200,  d 
250,  arid  e  450  grams  pressure,  while  A,  B,  C,  D  show  the  relations  as  to  the  time  of  occurrence 
of  the  individual  phenomena  where  the  weight  was  successively  increased.  The  study  of  these 
curves  yields  the  following  results: — (1)  When  the  weight  is  small,  the  dicrotic  wave  is 
relatively  less;  the  whole  curve  is  high;  (2)  with  a  moderate  weight  (100  to  200  grams)  the 
dicrotic  wave  is  best  marked,  the  whole  curve  is  somewhat  lower  ;  (3)  on  increasing  the  weight 
the  size  of  the  dicrotic  wave  again  diminishes  ;  (4)  the  fine  elastic  vibrations  preceding  the 
dicrotic  wave  appear  first  when  a  weight  of  220  to  300  grams  is  used  ;  (5)  the  rapidity  of  the 
pulse  changes  with  increasing  weight,  the  time  occupied  by  the  ascent  becoming  shorter,  the 
descent  becoming  longer  ;  (6)  the  height  of  the  entire  curve  decreases  as  the  weight  increases. 
In  every  sphygmogram  the  pressure  under  which  it  was  obtained  ought  always  to  be  stated. 
In  fig.  108,  A,  B,  are  curves  obtained  from  the  radial  artery  of  a  healthy  student.  The  pressure 
exerted  upon  the  artery  for  A  was  ]00;  B,  220  grms.  (1  vibration  =  0-01613  sec). 

If  pressure  be  exerted  up)on  an  artery  for  a  long  time,  the  strength  of  the  pulse  is  gradually 
increased.  If,  after  subjecting  an  artery  to  considerable  pressure,  a  lighter  weight  be  used,  not 
unfrequently  the  pulse-curve  assumes  the  form  of  a  dicrotic  pulse,  owing  to  the  greater  develop- 
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ment  of  the  dicrotic  elevation.  When  strong  pressure  is  applied,  the  blood  is  forced  to  find  its 
rfthrouah  collateral  channels.  When  the  chief  artery  ceases  to  be  compressed  he  total 
Tiea  i  of  course,  considerably  and  suddenly  enlarged,  which  results  m  the  production  of  a 
dicrotic  elevation.  Fig.  94,  X,  is  such  a  dicrotic  curve  obtained  after  considerable  pressure^^ad 
been  applied  to  the  artery. 

76  TRANSMISSION  OP  PULSE-WAVES.— The  pulse-wave  proceeds  through- 
out tile  arterial  system  from  the  root  of  the  aorta,  so  that  the  pulse  is  felt  sooner 
in  parts  lying  near  the  heart  than  in  the  peripheral  arteries.    E.  H.  Weber  calcul- 
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rig.  108. 

Various  forms  of  curves  (radial)  obtained  by  gradually  iucreasing  the  pressure, 
ated  the  velocity  of  the  pulse-wave  as  9-240  metres  [28l  feet]  per  second  from 
the  d  fference  in  time  between  the  pulse  in  the  external  maxillary  ar  ery  and  the 

lorsal  artery  of  the  foot.  Czermak  showed  that  the  elasticity  was  not  equal  in  all 
the  arteriesfso  that  the  velocity  of  the  pulse-wave  canno  be  the  same  in  aU^  The 
uulse-wavo  is  propagated  more  slowly  in  the  arteries  with  soft  extensile  walls  than 

n  arterts  wl^  rlistant  and  thick  walls,  so  that  it  is  transmitted  more  rapidly  m 
tL  arierTes  of  the  lower  extremities  than  in  those  of  the  upper.  It  is  still  slower 
in  children. 

77  PULSE  WAVE  INELASTIC  TUBES. -Waves  similar  to  the  pulse  may  be  produced  in 
elaSef  m^ccL-diugtoE  a  Weberth^^^^^^^^^^^ 

Marey  believes  that  ««/''»f  ^, -Ic'eoIffideS^  f  7x1«  v  loeUy  ^creasL  w^^^  iicLsed 

pressure  being  the  same  ( Valentin). 

TC)'?H  IZ^i:}  Z%M  influences  the  velocity  of  the  pulse-wave.    In  .ur.ury 

V;Tli%SrtTi?atL":S^^^^^^^^^  e.te„sile  is  greater  than  in  a  tube 

which  is  easily  distended. 

7«  vFLOriTY  OF  THE  PULSE-WAVE  IN  MAN. -Landois  obtained  the  following  results 
in  a  Jden?  -DiffereT^^^        carotid  and  radial  =  0-074  second  (the  distance  being  taken 
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as  62  centimetres)  ;  carotid  and  femoral  =  0*068  second  ;  femoral  (inguinal  region)  and  posterior 
tibial  =  0-097  second  (distance  estimated  at  91  centimetres).  [Waller  obtained  between  the 
heart  and  carotid  OlO  second  ;  heart  and  femoral,  O'lS  sec. ;  heart  and  dorsalis  pedis,  0-22.] 

The  velocity  of  the  pulse-wave  in  the  arteries  of  the  upper  extremities  =  8-43 
metres  per  second,  and  in  those  of  the  lower  extremity  9-40  metres  per  second,  [i.e., 
about  30  feet  per  second].  The  velocity  is  greater  in  the  less  extensile  arteries  of 
the  lower  extremities  than  in  those  of  the  upper  limb.  For  the  same  reason  it  is 
less  in  the  peripheral  arteries  and  in  the  yielding  arteries  of  children  {Czermak). 

E.  H.  Weber  estimated  the  velocity  at  9*24  metres  per  second  ;  Garrod,  9-10 '8  metres  ; 
Grashey,  8*5  metres  ;  Moens,  8 '3  metres,  and  with  diminished  pressure  during  Valsalva's  experi- 
ment 7-3  metres  (§  60,  §  74). 

Influencing  Conditions. — In  animals,  hsemorrhage,  slowing  of  the  heart  produced  by  stimula- 
tion of  the  vagus  {Moens),  section  of  the  spinal  cord,  deep  morphia-narcosis,  and  dilatation  of 
the  blood-vessels  by  heat,  produce  slowing  of  the  velocity,  while  stimulation  of  the  spinal  cord 
accelerates  it  {Grunmach). 

The  wave-leng^th  of  the  pulse-wave  is  obtained  by  multiplying  the  duration  of 
the  inflow  of  blood  into  the  aorta  =  0-08  to  0-09  second  (§51),  by  the  velocity  of 
the  pulse-wave. 

Method. — Place  the  knobs  of  two  tambours  (fig.  88)  upon  the  two  arteries  to  be  investigated, 
or  place  one  over  the  apex-beat  and  the  other  upon  an  artery.  These  receiving  tambours  are 
connected  with  two  registering  tambours,  as  in  Brondgeest's  pansphygmograph  (§  67,  fig.  88), 
so  that  their  writing-levers  are  directly  over  each  other,  and  so  arranged  as  to  write  simultane- 
ously on  one  vibrating  plate  attached  to  a  tuning-fork.    [Or  they  may  be  made  to  write  upon  a 


A,  curve  of  radial  artery  on  a  vibrating  surface  (1  vib,  =0-01613  sec.)  ;  P,  apex  of  curve  ;  e,  e, 
elastic  vibrations  ;  E,  dicrotic  wave.  B,  curve  of  same  radial  taken  along  with  the  heart- 
beat ;  V,  H,  P,  contraction  of  the  ventricle. 

distant  from  each  other,  or  in  the  case  of  the  heart  and  an  artery,  the  two  knobs  of  the 
receiving  tambours  may  be  connected  by  means  of  a  Y-tube  with  one  writing-lever.  In  fig.  109, 
B  is  a  curve  from  the  radial  artery  taken  in  this  way.  In  it  v  H  P  indicates  contraction  of  the 
ventricle  ;  _H,  the  apex  of  the  ventricular  contraction  ;  P,  the  primary  apex  of  the  radial  curve  ; 
V,  the  beginning  of  the  ventricular  contraction  ;  p,  of  the  radial  pulse.  A  is  the  curve  of  the 
radial  artery  alone.  From  these  curves  it  is  evident  that  in  this  instance  nine  vibrations  occur 
between  the  beginning  of  the  ventricular  contraction  and  the  beginning  of  the  pulse  in  the 
radial  artery  =  0-1 5  sec. 

In  fig.  110  the  difference  between  the  carotid  and  the  posterior  tibial  pulse  =  0-137  sec. 

Pathological. — In  cases  of  diminished  extensibility  of  the  arteries,  e.g.,  in  atheroma  (§  77,  D), 
the  pulse-wave  is  propagated  more  rapidly.  Local  dilatations  of  the  arteries,  as  in  aneurisms, 
cause  a  retardation  of  the  wave,  and  a  similar  result  arises  from  local  constrictions.  Kelaxatiou 
of  the  walls  of  the  vessels  in  high  fever  retards  the  movement  {Hamernjk). 

79.  OTHEK  PULSATILE  PHENOMENA.— 1.  In  the  mouth  and  nose,  when  they  are  filled 
with  air,  and  the  glottis  closed,  pulsatile  phenomena  (due  to  the  arteries  in  their  soft  parts), 
may  be  found  communicating  a  movement  to  the  contained  air.  The  curves  obtained  are 
relatively  small,  and  closely  resemble  the  curve  of  the  carotid,  A  similar  pulse  is  obtained  in 
the  tympanum  with  intact  membrana  tympani,  and  when  the  soft  parts  of  the  tympanum  are 
congested  {Schwartze,  Troltsch). 

2.  Entoptical  Puke. — After  violent  exercise,  an  illumination,  corresponding  to  each  pulse- 
beat,  occurs  on  a  dark  optical  field.  When  the  optical  field  is  bright,  an  analogous  darkening 
occurs.  •  The  ophthalmoscope  occasionally  reveals  pulsation  of  the  retinal  arteries  {Jäger), 
which  becomes  marked  in  insufficiency  of  the  aortic  valves. 


Fig.  109. 
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[Sec.  79. 


3  Pulsatile  Muscular  Contraction. -The  07-biciclaris  palpebrarum  muscle  contracts  under 

walkitia  the  ster>  and  pulse  gradually  andinvoluntarily  coincide.  •  -, 

1   When  the  C  on'e  sits  in  a  chair,  the  leg  which  is  supported  is  raised  with 

each  milse-beat  and  it  gives  also  a  second  or  dicrotic  elevation.  ■,    •    ,  + 

5   n  while  a  person  is  quite  quiet,  the  incisor  teeth  oF  the  lower  jaw  be  made  .lust  to  touch 


Carot, 


Fig.  110. 

Curves  of  the  carotid  and  posterior  tibial  taken  siniultaneously  with  ^]^-^^^^^^^^^,f^^^ 
graph  writing  upon  a  vibrating- plate  attached  to  a  tunmg-foik.     Ihe  aiiows  maioaue 
identical  moment  of  time  in  each  curve. 

Sio;  isÄ  thfclosure  of  the  .emi-lu,.,  valve,  and  -1'°  »  —  ^e^, 


in  the  second  left  intercostal  space. 

on  VTT^TiATTONSOF  THE  BODY  DUE  TO  THE  HEART.-The  beating  of  the  heart  and 
large  aS^lS  vibrations  to  the  body  as  a  whole.    It  a  person  be  placed 


at'  the  base  of  the  brain  communicate  a 


III. 
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Fig.  111. 

I.  Elastic  support  for  registering  the  molar  motions  of  the  body— K,  wooden  Jox  ;  B,  feet  of 
patient  -  p,  cardiograph  ;  a,  b,  elastic  tubing.    IL  Vibration  curves  of  a  healthy  person 
III.  Curve  obtained  from  a  patient  with  insufficiency  of  the  aortic  valves  and  great 
hypertrophy  of  the  heart. 

in  an  erect  attitude  in  the  scale-pan  of  a  large  balance,  the  index  oscillates,  and  its  movements 

coincide  with  the  heart's  movements  {Gordon). 
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CAUSE  OF  THE  BLOOD  CURRENT. 


Method. — Take  a  long  four-sided  box,  K,  open  at  the  top,  and  arrange  several  coils,  a,  b,  of 
stout  caoutchouc  tubing  round  one  end  (fig.  111).  A  wooden  board,  B,  is  so  placed  that  it  rests 
with  one  end  on  the  caoutchouc  tubing,  and  with  the  other  on  the  narrow  end  of  the  box.  The 
person  to  be  experimented  upon,  A,  stands  vertically  and  firmly  on  this  board.  A  receiving 
tambour,  p,  is  placed  against  the  surface  of  the  board  next  the  elastic  tube,  which  registers  the 
vibrations  of  the  foot-support.  Fig.  III.  is  a  curve  showing  such  vibrations,  each  heart-beat 
being  followed  in  this  case  by  four  oscillations.  To  ascertain  the  relations  and  causes  of  these 
vibrations,  it  is  necessary  to  obtain,  simultaneously,  a  tracing  of  the  heart  and  the  vibratory 
curve.  For  this  purpose  use  the  two  tambours  of  Brondgeest's  panspliygmograph  (§  67,  76), 
placing  one  knob  or  pad  over  the  heart  and  the  other  on  the  foot-support,  and  allow  the 
writing-tambours  to  inscribe  their  vibrations  on  a  glass  plate  attached  to  a  tuning-fork 
{Go7rlon). 

In  the  lower  or  cardiac  im'pulse  curve  (fig.  Ill),  the  rapidly-rising  part  is  due  to  the  ventricular 
systole.  It  contains  eight  vibrations  (1  vib.  =0'01613  sec).  The  beginning  of  the  ventricular 
systole  is  indicated  in  the  fig.  by  -36,  -3,  -17. 

If  the  corresponding  numbers  in  the  upper  or  vibratory  curve  are  studied,  it  is  obvious  that 
at  the  moment  of  ventricular  systole  the  body  makes  a  downward  vibration,  i.e.,  it  exercises  greater 
pressure  upon  the  foot-support.    Gordon  interprets  his  curve  as  giving  exactly  the  opposite 
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Fig.  112. 

The  upper  curve  is  the  vibration-curve  of  a  healthy  person,  and  the  lower  one  a  tracing  of  the 

apex-beat. 

result.  This  downward  motion,  however,  lasted  only  during  five  vibrations  of  the  tuning-fork  ; 
during  the  last  three  vibrations,  corresponding  to  the  systole,  there  is  an  ascent  of  the  body 
corresponding  to  a  less  pressure  upon  the  foot-plate.  When  the  ventricle  empties  itself,  it 
undergoes  a  movement  in  a  downward  and  outv\'ard  direction— Gutbrodt's  "reaction  impulse." 
^  In  the  upper  curve  analogous  numbers  are  employed  to  indicate  the  vibrations  occurring 
simultaneously,  viz.,  -28,  -11,  -10.  The  closure  of  the  semi-lunar  valves  is  well  marked  in  the 
three  heart-beats  at  20,  -20.  This  closure  is  indicated  in  analogous  points  in  both  curves,  after 
which  there  is  a  descent  Of  the  foot-support,  and  this  corresponds  to  the  downward  propagation 
of  the  pulse- wave  through  the  aorta  to  the  vessels  of  the  feet. 

Pathological.— In  insufiaciency  of  the  aortic  valves  as  shown  in  fig.  Ill,  III.,  the  vibration 
communicated  to  the  body  is  very  considerable. 

81.  THE  BLOOD  CURRENT.— Cause.— The  closed  and  much-branched  vas- 
cular system,  whose  walls  are  endowed  with  elasticity  and  contractility,  is  not  only 
completely  filled  with  blood,  but  it  is  over-filled.  The  total  volume  of  the  blood 
is  somewhat  greater  than  the  capacity  of  the  entire  vascular  system.  Hence  it 
follows  that  the  mass  of  blood  must  exert  pressure  on  the  walls  of  the  entire 
system,  thus  causing  a  corresponding  dilatation  of  the  elastic  vascular  walls 
{Brunner).  This  occurs  only  during  life;  after  death  the  muscles  of  the  vessels 
relax,  and  fluid  passes  into  the  tissues,  so  that  the  blood-vessels  come  to  contain 
less  fluid,  and  some  of  them  may  be  empty. 

If  the  blood  were  uniformly  distributed  throughout  the  vascular  system,  and 
under  the  same  pressure,  it  would  remain  in  a  position  of  equilibrium  (as  after 
death).  If,  however,  the  pressure  be  raised  in  one  section  of  the  tube,  the  blood 
will  move  from  the  part  where  the  pressure  is  higher  to  where  it  is  lower ;  so  that 
the  blood-current  is  a  result  of  the  difference  of  pressure  within  the  vascular 
system.    If  either  the  aorta  or  the  vense  cavse  be  suddenly  ligatured  in  a  living 
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animal,  the  blood  continues  to  flow,  but  gradually  more  slowly,  until  the  difference 
of  pressure  is  equalised  throughout  the  entire  vascular  system. 

The  velocity  of  the  current  will  be  greater  the  greater  the  difi-erence  of  pressure, 
and  the  less  the  resistance  opposed  to  the  blood-stream.  .  ^ 

The  difference  of  pressure  which  causes  the  current  is  produced  l)y  tne 
heart.  Both  in  the  systemic  and  pulmonary  circulation  the  pomt  of  greatest 
pressure  is  in  the  root  or  begmning  of  the  arterial  system,  while  the  pomt^of  lowest 
pressure  is  in  the  terminal  portion  of  the  venous  orifices  at  the  heart.  Hence  the 
blood  flows  continually  from  the  arteries  through  the  capillaries  into  the  venous 
trunks.  The  heart  keeps  up  the  difierence  of  pressure  required  to  produce  this 
result  ;  with  each  systole  of  the  ventricles  a  certain  quantity  of  blood  is  forced 
into  the  beginning  of  the  arteries,  while  at  the  same  time  an  equal  amount  flows 
from  the  venous  orifices  into  the  auricles  during  their  diastole       if.  H' eöer). 

Bonders  showed  that  the  action  of  the  heart  not  only  causes  the  difference  ot 
pressure  necessary  to  estabhsh  a  blood-current,  but  also  raises  the  mean  pressure 
within  the  vascular  system.  The  terminations  of  the  veins  at  the  heart  are  wider 
and  more  extensible  than  the  arteries  where  they  arise  from  the  heart  As  the 
heart  propels  a  volume  of  blood  into  the  arteries  equal  to  that  which  it  receives 
from  the  veins,  it  follows  that  the  arterial  pressure  must  rise  more  rapidly  than 
the  venous  pressure  diminishes,  since  the  arteries  are  not  so  wide  nor  so  extensible  . 
as  the  veins.    Thus  the  total  pressure  must  also  increase. 

Cause  of  Continuous  Flow.-The  volume  of  blood  expelled  from  the  ventricles 
at  every  systole  would  give  rise  to  a  jerky  or  intermittent  movement  of  the  blood- 
stream-(l)  if  the  tubes  had  rigid  walls,  as  in  such  tubes  any  pressure  exerted 
upon  their  contents  is  propagated  momentarily  throughout  the  length  of  the  tube 
and  the  motion  of  the  fluid  ceases  when  the  propelhng  force  ceases  ;  (2)  the  floM 
would  also  be  intermittent  in  character  in  elastic  tubes  if  the  time  between  two 
successive  systoles  were  longer  than  the  duration  of  the  current  "fl^^'.'^l 
compensation  of  the  difference  of  pressure  caused  by  the  systole.    If  the  toe 
between  two  successive  systoles  be  shorter  than  the  time  necessary  to  equilibrate 
the  pressure,  the  current  will  become  continuous,  provided  the  ^'^f  ^^^^ 
periphery  of  the  tube  be  sufficiently  great  to  bring  the  elasticity  of  the  tube  into 
action.    The  more  rapidly  systole  follows  systole,  the  greater  the  difference  of 
pressure  becomes,  and  the  more  distended  the  elastic  walls.    Although  the  current 
thus  produced  is  continuous,  a  sudden  rise  of  pressure  is  caused  by  the  torcmg 
in  of  a  mass  of  blood  at  every  systole,  so  that  with  every  systole  there  is  a  sud^^^^^^^ 
jerk  and  acceleration  of  the  bloodstream  correspondmg  to  the  pulse  (compare 

^  ^This  sudden  ierk-like  acceleration  of  the  blood-current  is  propagated  throughout 
the  arterial  system  with  the  velocity  of  the  pulse-wave;  both  phenomena  are  due 
to  the  same  fundamental  cause.  Every  pulse-beat  causes  a  temporary  rapid  pro- 
gressive acceleration  of  the  particles  of  the  fluid.  But  just  as  the  for--mo^^^^^^^ 
of  the  pulse  is  not  a  simple  movement,  neither  is  the  pulsatile  acceleration  a 
Ipi:  a'cceleration.  It  follows  the  course  of  the  development  of  t^e  P^^^^^^^^ 
The  pulse-curve  is  the  graphic  representation  of  the  pulsatory  acceleration  of  the 
blood  stream.  Every  rise  in  the  curve  corresponds  to  an  acceleration,  every 
depression  to  a  retardation  of  the  current. 

rMethod :  Rigid  and  Elastic  Tubes.-These  facts  are  easily  demonstrated.    Tie  a  Higinson's 

used,  a  continuous  outflow  is  obtained,  provided  the  pulsations  occur  ff^^^. 

and  the  length  of  the  tube,  or  the  resistance  at  its  periphery,  be  sufficient  to  ^[^^^^^^^^^ 

of  the  tube  into  action.    This  can  be  done  by  putting  a  narrow  cannula  m  the  outflow  end  ot 
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the  tube,  or  by  placing  a  clamp  on  it  so  as  to  diminish  the  exit  aperture.  This  apparatus  con- 
verts the  intermittent  flow  into  a  continuous  current.]  The  fire-engine  is  a  good  example  of  the 
conversion  of  an  intermittent  inflow  into  a  uniform  outflow.  The  air  in  the  reservoir  is  in  a  state 
of  elastic  tension,  and  it  represents  the  elasticity  of  the  vascular  walls.  When  the  pump  is 
worked  slowly,  the  outflow  of  the  water  occurs  in  jets,  and  is  interrupted.  If  the  pumping 
movement  be  sufficiently  rapid,  the  compressed  air  in  the  reservoir  causes  a  continuous  outflow, 
which  is  distinctly  accelerated  at  every  movement  of  the  pump.  [The  ordinary  spray-producer 
is  another  good  example.] 

[Thus,  there  are  two  factors — a  central  one,  the  heart, — and  a  peripheral  one, 
the  amount  of  resistance  especially  in  the  arterioles.  Either  or  both  may  be 
varied,  and  as  this  is  done,  so  will  the  pressure  and  velocity  vary.] 

Current  in  the  Capillaries. — In  the  capillaries  the  pulsatile  acceleration  of  the 
current  ceases  with  the  extinction  of  the  pulse- wave.  The  great  resistance  which  is 
offered  to  the  current  towards  the  capillary  area  causes  both  to  disappear.  It  is 
only  wlien  the  capillaries  are  greatly  dilated,  and  when  the  arterial  blood-presfeure 
is  high,  that  the  pulse  is  propagated  through  the  capillaries  into  the  beginning  of 
the  veins.  A  venous  pulse  is  observed  in  the  veins  of  the  sub-maxillary  gland 
after  stimulation  of  the  chorda  tympani  nerve,  which  contains  the  vaso-dilator 
nerves  for  the  blood-vessels  of  this  gland.  If  the  finger  be  constricted  wuth  an 
elastic  band,  so  as  to  hinder  the  return  of  the  venous  blood,  and  to  increase  the 
arterial  blood- pressure,  while  at  the  same  time  dilating  the  capillaries,  an  inter- 
mittent increased  redness  occurs,  which  corresponds  with  the  well-known  throbbing 
sensation  in  the  swollen  finger.  This  is  due  to  the  capillary  pulse.  [Roy  and 
Graham  Brown  found  that  pulsatile  phenomena  were  produced  in  the  capillaries  by 
increasing  the  extra-vascular  pressure  (§  86).  Quincke  called  attention  to  the 
capillary  pulse,  which  can  often  be  seen  under  the  finger-nails.  Extend  the  lingers 
completely,  when  a  whitish  area  appears  under  the  nails.  A  red  area  near  the  free 
margin  of  the  nail  advances  and  retires  with  each  pulse-beat.  It  is  well  marked  in 
some  diseased  conditions  of  the  heart,  especially  in  incompetence  of  the  aortic 
valves,  and  is  probably  produced  by  increased  extra-vascular  pressure.  If  the 
finger  be  drawn  over  the  skin,  e.g.,  of  the  forehead,  in  such  a  person  the  alternate 
flushing  and  paling  due  to  the  capillary  pulse  is  readily  observed.] 

82.  SCHEMATA  OF  THE  CIRCULATION.— E.  H.  Weber  constructed  a  scheme  of  the  cir- 
culation. It  consisted  of  a  force-pump  with  properly  arranged  valves  to  represent  the  heart, 
portions  of  gut  for  the  arteries  and  veins,  and  a  piece  of  glass  tubing  containing  a  piece  of 
sponge  to  represent  the  capillaries.  Various  schemes  have  been  invented,  including  the  very 
complicated  one  of  Marey,  [the  extremely  ingenious  one  of  v.  Thanhoffer,  and  the  thoroughly 
practical  one  of  Rutherford]. 

83.  CAPACITY  OF  THE  VENTRICLES.— Since  the  right  and  left  ventricles 
contract  simultaneously,  and  just  the  same  volume  of  blood  passes  through  the 
pulmonary  as  through  the  systemic  circulation,  it  follows  that  the  right  ventricle 
must  be  just  as  capacious  as  the  left.  The  capacity  of  the  ventricles  has  been  esti- 
mated in  the  following  ways  : — 

Methods. — (1)  Directly,  by  filling  the  dead  relaxed  ventricle  with  blood  or  an  injection  mass. 
This  method  is  unsatisfactory  and  inaccurate. 

(2)  Indirectly,  Volkniann  (1850)  estimated  it  thus  : — Estimate  the  sectional  area  of  the  aorta, 
and  the  velocity  of  the  blood-stream  in  it  (§  91).  From  this  calculate  the  amount  of  blood  passing 
through  the  aorta  in  the  unit  of  time.  As  the  total  quantity  of  blood  in  the  body  is  known 
(  =  yV  of  the  body-weight),  we  can  easily  calculate  how  long  this  takes  to  flow  through  the  aorta. 
We  must  also  know  the  number  of  beats  during  the  time  of  the  circulation.  From  these  data, 
and  from  experiments  on  animals,  Volkmann  estimated  the  volume  of  blood  discharged  at  each 
systole  by  the  ventricle  to  be  of  the  body-weight.  For  a  man  weighing  75  kilos,  this  is 
187*5  grams.    This  estimate  still  leaves  much  to  be  desired. 

Place  calculates  it  in  the  following  manner  :— A  man  uses  about  500  litres  of  0  in  24  hours. 
To  absorb  this  into  the  venous  blood  (which  contains  about  7  vols,  per  cent,  less  0  than  arterial), 
about  7000  litres  of  blood  must  pass  through  the  lungs  in  24  hours.  If  one  calculates  100,000 
heart-beats  in  24  hours,  then  at  each  systole  only  70  cubic  centimetres  are  discharged. 
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[Capacity  of  the  pulmonary  and  systemic  circulation.^ — Taking  the  quantity 
of  blood  in  an  average  adult  as  equal  to  5  J  litres,  according  to  Jolyet  and  Tanziac 
the  ratio  is  2  :  11,  ^'.e.,  1  litre  in  the  pulmonary  and  4 J  in  the  systemic  circuit. 
This  estimate  for  the  pulmonary  circuit  is  somewhat  too  low.  As  to  the  relative 
quantity  of  blood  in  the  arterial  and  venous  tubes  as  a  whole,  the  ratio  is  about 
1  to  2.] 

84.  ESTIMATION  OF  THE  BLOOD-PRESSURE.— (A)  In  Animals  :   (1)  Method  of  Hales. 

— Tlie  Rev.  Stephen  Hales  (1727)  was  the  first  to  introduce  a  long  glass  tube  into  a  blood-vessel 
in  order  to  estimate  the  blood-pressure  by  measuring  the  height  of  the  column  of  blood.  p^pa 
The  tube  was  provided  at  its  lower  end  with  a  copper  tube  bent  at  a  right  angle.    [The  tube 
he  used  was  one-sixth  of  an  inch  bore  and  about  9  feet  long,  and  was  inserted  into  the  femoral 


I.  Scheme  of  C.  Lud  wig's  kymograph.    II.  Fick's  spring-kymograph. 


artery  of  a  horse.  The  height  to  which  the  blood  rose  in  the  tube  was  noted,  as  well  as  the 
oscillations  of  the  blood  that  occurred  with  every  pulsation.  From  the  height  of  the  column 
of  fluid  he  calculated  the  force  of  the  heart.] 

(2)  The  Hsemadynamometer  of  Poiseuille  (1828).— This  observer  used  a  U-sha})ed  tube 
partially  filled  with  mercury — a  guage  or  manometer — which  was  brought  into  connection  with 
a  blood-vessel  by  means  of  a  rigid  tube.  [The  mercury  oscillated  with  every  pulsation,  and  the 
extent  of  the  oscillations  was  read  off  on  a  scale  attached  to  the  bent  tube.  He  called  the 
i\\^tv\xmQ\\t  Sü  hmmadynamometer.'] 

[(3)  Vierordt  used  a  tube  5  or  6  feet  long,  and  filled  it  with  a  solution  of  sodium  carbonate, 
thus  preventing  much  blood  from  entering  the  tube,  while  at  the  same  time  the  soda  solution 
prevented  the  coagulation  of  the  blood.] 

(4)  C.  Ludwig's  Kymograph.— C.  Ludwig  employed  a  U-shaped  manometer, 
but  he  placed  a  light  float  upon  the  surface  of  the  mercury  in  the  open  limb  of  the 
tube  (fig.  113,  I.,  d,  s).  A  writing-style,  /;  placed  transversely  on  the  free  end  of 
the  float,  inscribed  the  movements  of  the  float— and,  therefore,  of  the  mercury— 
upon  a  cylinder,  c,  caused  to  revolve  at  a  uniform  rate.  This  apparatus  registered 
the  height  of  the  blood-pressure,  as  well  as  the  pulsatile  and  other  oscillations 
occurring  in  the  mercury.  Volkmann  called  this  instrument  a  kymograph  or 
"wave-writer."  The  diff'erence  of  the  height  of  the  column  of  mercury,  c,  d,  in 
both  limbs  of  the  tube  indicates  the  pressure  within  the  vessel.  If  the  height  of 
the  column  of  mercury  be  multiplied  by  13-5,  this  gives  the  height  of  the  corre- 
sponding column  of  blood.  Setschenow  placed  a  stop-cock  in  the  lower  bend,  h, 
of  the  tube.  If  this  be  closed  so  as  just  to  permit  a  small  aperture  of  communica- 
tion to  remain,  the  pulsatile  vibrations  no  longer  appear,  and  the  apparatus  mdi- 
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cates  the  mean  pressure.  By  the  term  mean  iwessure  is  meant  the  limit  of  pressure, 
above  and  below  which  the  oscillations  occurring  in  an  ordinary  blood-pressure- 
tracing  range.    [Briefly,  it  is  the  average  elevation  of  the  mercurial  column.] 

In  a  blood-pressure  tracing",  such  as  fig.  115,  each  of  the  smaller  waves  corre- 
sponds to  a  heart-beat,  the  ascent  cor- 
responds to  the  systole,  and  the  descent 
to  the  diastole.  The  large  undula- 
tions are  due  to  the  respiratory  move- 
ments. It  is  clear  that  the  heart-beat 
is  expressed  as  a  simple  rise  and  fall 
(fig.  115),  so  that  the  curve  of  the 
heart-beat  obtained  with  a  mercurial 
kymograph  difi'ers  from  a  sphygmo- 
grajDhic  curve. 

[Faults  of  a  Mercurial  Manometer. —A 

perfect  recording  instrument  ought  to  indi- 
cate the  height  of  the  blood-pressure,  and 
also  the  size,  form,  and  duration  of  any 
wave-motion  communicated  to  it.  The  mer- 
curial manometer  does  not  give  the  true  form 
of  the  piüse-wave,  as  the  mercury,  when  once 
set  in  motion,  executes  vibrations  of  its  own, 
owing  to  its  great  inertia,  and  thus  the  liner 
movements  of  the  pulse-wave  are  lost.  Hence 
a  mercurial  kymograph  is  used  for  registering 
the  blood-pressure,  and  not  for  obtaining  the 
exact  form  of  the  pulse-wave.  Instruments 
with  less  inertia,  and  with  no  vibrations 
peculiar  to  themselves,  are  required  for  this 
purpose.] 

[Method,  of  measuring  the  Blood-Pressure. 

— Expose  the  carotid  of  a  chloralised  rabbit, 
and  isolate  a  portion  of  the  vessel  between 
two  ligatures.  Make  an  oblique  slit  in  the 
artery,  and  into  it  tie  a  straight  glass  can- 
nula, directing  the  pointed  end  of  the  can- 
nula towards  the  heart.  Fill  the  cannula 
with  a  saturated  solution  of  sodium  car- 
bonate, taking  care  that  no  air-bubbles  enter, 
and  connect  it  with  the  lead  tube  which  goes 
to  the  ascending  limb  of  the  manometer. 
The  tube  which  connects  the  artery  with  the  manometer  must  be  flexible  and  yet  inelastic,  and 
a  lead  tube  is  best.  It  is  usual  to  connect  a  pressure-bottle,  containing  a  saturated  solution  of 
sodium  carbonate,  by  means  of  an  elastic  tube,  with  the  tvibe  attached  to  the  manometer.  This 
bottle  can  be  raised  or  lowered.  Before  beginning  the  experiment,  raise  the  ]u-essure-bottle 
imtil  there  is  a  positive  pressure  of  mercury  in  the  manometer  about  equal  to  the  estimated  blood- 
pressure,  and  then  clamp  the  tube  of  the  pressure-bottle  where  it  joins  the  lead  tube.  This 
positive  pressure  prevents  the  escape  of  blood  from  the  artery  into  the  solution  of  sodium 
carbonate.  "When  all  is  ready,  the  ligature  on  the  cardiac  side  of  the  cannula  is  removed,  and 
immediately  the  float  begins  to  oscillate  and  inscribe  its  movements  upon  the  recording  surface. 
The  fluid  within  the  artery  exerts  pressure  latterly  upon  the  sodium  carbonate  solution,  and 
this  in  turn  transmits  it  to  the  mercury.  Albumoses,  when  injected  into  the  blood,  keep  it  from 
coagulating  (p.  36).    Eoy  finds  that  oil  may  take  the  place  of  sodic  carbonate.] 

[Precautions. — In  taking  a  blood-pressure-tracing,  after  seeing  that  the  apparatus  is  perfect, 
care  must  be  taken  that  the  animal  is  perfectly  quiescent,  as  every  movement  causes  a  rise  of 
blood-pressure.  This  may  be  secured  by  giving  curare  and  keeping  up  artificial  respiration,  or 
by  the  carefully  regulated  inhalation  of  ether.  When  a  drug  is  to  be  injected  to  test  its  action, 
if  it  be  introduced  into  the  jugular  vein  it  is  a[>t  to  afl"ect  the  heart  directly.  This  may  be 
avoided  by  injecting  it  into  a  vein  of  the  leg,  or  under  the  skin.  The  solution  of  the  drug 
must  not  contain  particles  which  will  block  up  the  capillaries.  Care  should  also  be  taken  that 
the  carbonate  of  soda  does  not  flow  back  into  the  artery.] 

[Continuous  Tracing. — When  we  have  occasion  to  take  a  tracing  for  any  length  of  time,  it 
must  be  WTitten  upon  a  strip  of  paper  which  is  moved  at  a  uniform  rate  in  front  of  the  writing- 


Fig.  114. 

Ludwig's  improved  revolving  cylinder,  R,  moved 
by  the  clock-work  in  the  box  A,  and  regulated 
by  a  Foucault's  regulator  placed  on  the  top  of 
the  box.  The  disc,  D,  moved  by  the  clock- 
work, presses  upon  the  wheel,  n,  which  can  be 
raised  or  lowered  by  the  screw,  L,  thus  alter- 
ing the  position  of  n  on  D,  so  as  to  cause  the 
cylinder  to  rotate  at  dirterent  rates.  The 
cylinder  itself  can  be  raised  by  turning  the 
handle,  U.  On  the  left  side  of  the  figure  is  a 
mercurial  manometer.  When  the  cylinder  is 
used,  it  is  covered  with  smoked  smooth  paper. 
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style  on  the  float  (fig.  113).  Various  arrangements  are  employed  for  this  purpose,  "but  it  is 
usual  to  cause  a  cylinder  to  revolve,  so  as  to  unfold  a  roll  of  paper  placed  on  a  movable  bobbin. 
As  the  cylinder  revolves,  it  gradually  winds  off  the  strip  of  paper,  which  is  kept  applied  to  the 
revolving  surface  by  ivory  friction-wheels.  In  Herings  complicated  kymograph  a  long  strip  of 
smoked  paper  is  used.  The  writing-style  may  consist  of  a  sable  brush,  or  a  fine  glass  pen  filled 
with  aniline  blue  dissolved  in  water,  to  which  a  little  alcohol  and  glycerin  are  added.]  ^ 
[In  order  to  measure  the  height  of  the  pressure,  we  must  know  the  position  of  the  abscissa 


Fig.  115. 

Blood-pressure  curve  of  the  carotid  of  a  dog  obtained  with  a  mercurial  manometer.  0— a;  =  line 
of  no  pressure,  zero  line,  or  abscissa ;  y—y'  is  the  blood-pressure-tracing  Avith  small  waves, 

r,^t,  each  one  caused  by  a  heart-beat,  and  the  large  waves  due  to  the  respiration.  A  millimetre 
scale  shows  the  height  of  the  pressure  in  millimetres  of  mercury. 

or  line  of  no  pressure,  and  it  may  be  recorded  at  the  same  time  as  the  blood-pressure,  or_  after- 
wards. In  fig.  115  0—x  is  the  zero-line  or  the  abscissa,  and  the  height  of  the  vertical  lines  or 
ordinates  may  be  measured  by  the  millimetre  scale  on  the  left  of  the  figure.  The  height  of  the 
blood-pressure  is  obtained  by  drawing  ordinates  from  the  curve  to  the  abscissa,  measuring  their 
length,  and  multiplying  by  two.] 

(5)  Spring  Kymograph.— A.  Pick  (1864)  uses  a  lioUow  spring-kymograph  on 
the  principle  of  Bourdon's  manometer  (fig.  113,  II). 

A  hollow  C-shaped  metallic  spring,  F,  is  filled  with  alcohol.  One  end  of  the  hollow  spring 
is  closed,  and  the  other  end,  covered  by  a  membrane,  is  brought  into  connection  with  a  blood- 
vessel by  a  junction  piece  filled  with  a  solution  of  sodium  carbonate.  As  soon  as  the  com- 
munication with  the  artery  is  opened,  the  pressure  rises,  and  the  spring,  of  course,  tends  to 
straighten  itself.  To  the  closed  end,  ft,  there  is  fixed  a  vertical  rod  attached  to  a  series  of  levers, 
h,  i,  e,  one  of  which  writes  its  movements  upon  a  surface  moving  at  a  uniform  rate.  The 
biood-pressure  and  the  periodic  variations  of  the  pulse  are  both  recorded,  although  the  latter  is 
not  done  with  absolute  accuracy.  1,1 

[Hering  improved  Fick's  instrument  (fig.  116).  The  hollow  spring  filled  with  alcohol 
communicates  at  a  with  the  lead  tube,  d,  passing  to  the  cannula  in  the  artery.  To  c  is 
attached  a  series  of  light  wooden  levers  with  a  writing-style,  s.  The  lower  part  of  4  dips  into 
a  vessel,  e,  filled  with  oil  or  glycerin,  which  serves  to  damp  the  vibrations  of  the  levers.  At/ 
is  a  syringe  communicating  with  the  tube,  d,  filled  with  a  solution  of  sodic  carbonate,  and  used 
for  regulating  the  amount  of  fluid  in  the  tube  connecting  the  manometer  with  the  blood-vessel. 
The  whole  apparatus  can  be  raised  or  lowered  on  the  toothed  rod,  h,  by  means  of  the  miUhead 
opposite,  g,  to  which  all  the  parts  of  the  apparatus  are  attached.] 
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(6)  Fick's  Flat  Spring-Kymograph.— The  narrow  tube,  a,  a  (1  mm.  diam.)  is  placed  in  con- 
nection with  a  blood-vessel  by  means  of  the  cannula,  c,  and  oyer  its  vertical  expanded  end,  A 
Is  hxed  Tcaoutchouc  membrane,  with  a  projecting  point,  which  presses  against  a  horizontal 
spring,  F,  joined  to  a  writing-lever, 
H,  by  an  intermediate  piece,  b.  The 
whole  is  held  in  the  metallic  frame, 
R  R  (Hg.  117).  In  order  to  estimate 
the  absolute  pressure,  the  instrument 
must  be  compared  previously  with  a 
mercurial  manometer. 

(B)  In  man  the  blood-pres- 
sure may  be  estimated  by  means 
of — (1)  a  properly  graduated 
sphygmograph  (§  67).  The 

pressure  required  to  abolish  the 
movement  of  the  lever  indicates 
approximately  the  vascular  ten- 
sion. The  mean  blood-pressure 
in  the  radial  artery  is  equal  to 
550  grams. 

(2)  Sphygmomanometer  of 
V.  Bäsch. — A  capsule  contain- 
ing fluid  was  placed  upon  a 
pulsating  artery,  while  the 
capsule  itself  communicated 
with  a  mercurial  manometer. 
As  soon  as  the  pressure  within 
the  manometer  slüjhtly  exceeded  that  within  the  artery,  the  artery  was  compressed 
so  that  a  sphygmograph  placed  on  a  peripheral  portion  of  the  vessel  ceased  to 
beat.  Both  arrangements  do  not  give  the  exact  pressure  within  the  artery ;  they 
only  indicate  the  pressure 
which  is  required  to  compress 
the  artery  and  the  overlying 
soft  parts.  The  pressure  re- 
quired to  compress  the  walls  of 
an  empty  artery,  however,  is 
very  small  compared  with  the 

H 


Fig.  IK 

Fick's  Spring  Manometer,  as  improved  by  Hering, 


Fig.  117. 

Fick's  Flat  Spring  Kymograph. 


in  the 


blood-pressure.    It  is  only  4  mm.  Hg.    Y.  Bäsch  estimated  the  pressure 
radial  artery  of  a  healthy  man  to  be  135  to  165  millimetres  of  mercury. 

Variations.— In  children  the  blood-pressure  increases  with  age,  height,  and  weight.  In  the 
superficial  temporal  artery,  at  2  to  3  years,  it  is  =  97  mm  ;  12  to  13  years,  113  mm.  Hg 
{A.  Eckert,  c.  §  100).  The  blood-pressure  is  raised  immediately  after  bodily  movements  ;  it  is 
higher  wlien  a  person  is  in  the  horizontal  position  than  when  sitting,  and  m  sitting  than  m 
standing.  After  a  cold  as  well  as  after  a  warm  bath,  the  first  effect  is  an  increase  of  blood- 
pressure  and  of  the  quantity  of  urine. 

85.  BLOOD-PRESSURE  IN  THE  ARTERIES.— The  following  results  have 
been  obtained  by  experiment  on  systemic  arteries  : — 

(a)  Mean  Blood-Pressure.— The  blood-pressure  is  very  considerable,  varying 
within  pretty  wide  limits ;  in  the  large  arteries  of  large  mammals,  and  perhaps 
in  man,  it  =  140  to  160  millimetres  [5-4  to  6*4  inches]  of  a  mercTirial  column. 
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The  following  results  have  been  obtained,  those  marked  thus  *  by  Poiseuille,  and  those  +  by 
Volkmann  : — 


Carotid,  Horse  161  mm, 

,,    122  to  214  mm. 
Dog,  151  mm. 
,,         ,,    130  to  190  mm.  (Ludwig). 
Goat,  118  to  135  mm. 
Rabbit,  90  mm. 


+  Carotid,  Fowl,  88  to  171  mm. 
+  Aorta  of  Frog,  22  to  29  mm. 
+  Gill  Artery  of  Pike,  35  to  84  mm. 

Brachial  artery  of  Man  during  an  opera- 
tion, 110  to  120  mm.  (Faivre).  Per- 
haps too  low  owing  to  the  injury. 

E.  Albert  estimated  the  blood -pressure  by  means  of  a  manometer,  placed  in  connection  with 
the  anterior  tibial  artery  of  a  boy  whose  leg  was  to  be  amputated,  to  be  100  to  160  mm.  Hg. 
The  elevation  with  each  pulse-beat  was  17  to  20  mm. ;  coughing  raised  it  to  20  or  30  mm. ; 
tight  bandaging  of  the  healthy  leg,  15  mm. ;  while  passive  elevation  of  the  body,  whereby  the 
hydrostatic  action  of  the  column  of  blood  was  brought  into  play,  raised  it  40  mm. 

The  pressure  in  the  aorta  of  mammals  varies  from  200  to  250  mm.  Hg,  As  a  general  rule, 
the  blood-pressure  in  large  animals  is  higher  than  in  small  animals,  because  in  the  former  the 
blood-channel  is  considerably  longer,  and  there  is  a  greater  resistance  to  be  overcome.  In  very 
young  and  in  very  old  animals  the  pressure  is  lower  than  in  individuals  in  the  prime  of  life. 

The  arterial  pressure  in  the  foetus  is  scarcely  half  that  of  the  newly  born,  while  the  venous 
pressure  is  higher,  the  difference  of  pressure  between  arterial  and  venous  blood  being  scarcely 
half  so  great  as  in  adult  animals  {Cohnstein  and  Zuntz). 

The  arterial  blood-pressure  is  highest  in  the  aorta,  and  falls  towards  the 
smaller  vessels,  but  the  fall  is  very  gradual,  as  shown  in  fig.  118.  A  great  fall  takes 

B.  R  I-  -  -  _  place  on  passing  from  the  area  of  the 

arterioles  into  the  capillary  area  (C), 
while  it  is  less  in  the  venous  area, 
and  negative  in  the  veins  near  the 
heart,  as  indicated  in  the  dotted  line 
passing  below  the  abscissa,  so  that 
the  pressure  is  lowest  in  the  cardiac 
ends  of  the  vense  cavse  (compare 
fig.  124). 

{h)  Branchings  of  the  Blood- 
Vessels. — Within  the  large  arteries 
the  blood-pressure  diminishes  rela- 
tively little  as  we  pass  toward  the 
periphery,  because  the  difi'erence  of 
large  tubes  is  very  small.  As  soon, 
considerable 
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Fig.  118. 

Scheme  of  the  blood-pressure,  in  A,  the  arteries  : 
C,  capillaries,  and  V,  veins  ;  0-0  is  the  abscissa 
or  line  of  no  pressure  ;  L.V.,  left  ventricle,  and 
R.  A.,  riglit  auricle  ;  B.P.,  the  height  of  the  blood- 
pressure. 


increased  with  greater  filling  of 


the  resistance  in  the  different  sections  of 

however,  as  the  arteries  begin  to  divide  frequently,  and  undergo 
diminution  in  their  lumen,  the  blood-pressure  in  them  rapidly  diminishes  because 
the  propelling  energy  of  the  blood  is  much  weakened,  owing  to  the  resistance 
which  it  has  to  overcome  (§  99). 

(c)  Amount  of  Blood. — The  blood-pressur( 
the  arteries,  and  vice  versa  ;  hence  it 
Increases. 

1.  With  increased  and  accelerated   action        1.  Daring  diminished  and  enfeebled  action 

of  the  heart  ;  of  the  heart  ; 

2.  In  plethoric  persons  ;  2.  In  ansemic  persons  ; 

3.  After  a  very  considerable  increase  of  the        3.  After  haemorrhage  or  considerable  excre- 

quantity  of  blood  by  direct  transfusion,  tions  from  the  blood  by  sweating,  the 

or  after  a  copious  meal.  urine,  severe  diarrhoea. 

The  blood-pressure  does  not  vary  in  the  same  proportion  as  the  variations  in  the  amount  of 
blood.  The  vascular  system,  in  virtue  of  its  muscular  tissue,  has  the  property,  within  liberally 
wide  limits,  of  accommodating  itself  to  larger  or  smaller  quantities  of  blood  (C  Ludioig  and 
Worm  Müller,  §  102,  d).  [In  fact,  a  large  amount  of  blood  may  be  transfused  without  materi- 
ally raising  the  blood-pressure.  Small  and  moderate  haemorrhages  (in  the  dog  to  2 '8  per  cent, 
of  the  body-weight)  have  no  obvious  effect  on  the  blood-pressure.  After  a  slight  loss  of  blood 
the  pressure  may  even  rise  (  Worm  Müller).  If  a  large  amount  of  blood  be  withdrawn,  it  causes 
a  great  fall  of  the  blood-pressure,  and  when  haemorrhage  occurs  to  4-6  per  cent,  of  the  body- 
weight,  the  blood-pressure  =  0.    The  transfusion  of  a  moderate  amount  of  blood  does  not  raise 
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the  mean  arterial  blood-pressure.  There  are  important  practical  deductions  from  these  experi- 
ments, viz. ,  that  the  arterial  blood-pressure  cannot  be  diminished  directly  by  moderate  blood- 
letting, and  that  the  blood-pressure  is  not  necessarily  high  in  plethoric  persons.] 

(d)  Capacity  of  the  Vessels. — The  arterial  pressure  rises  when  the  capacity  of 
the  arterial  system  is  diminished,  and  conversely.  The  circularly-disposed  smooth 
muscular  fibres  of  the  arteries  are  the  chief  agents  concerned  in  this  process. 
When  they  relax,  the  arterial  blood-pressure  falls,  and  when  they  contract,  it  rises. 
These  actions  of  muscular  fibres  are  controlled  and  regulated  by  the  action  of  the 
vasomotor  nerves  (§  371). 

(e)  Collateral  Vessels.  — The  arterial  pressure  within  a  given  area  of  the  vascular 
system  must  rise  or  fall  according  as  the  neighbouring  areas  are  diminished,  whether 
by  the  application  of  pressure,  or  a  ligature,  or  are  rendered  impervious,  or  as  these 
areas  dilate.  The  application  of  cold  or  warmth  to  limited  areas  of  the  body — in- 
creasing or  diminishing  the  atmospheric  pressure  on  a  part — the  paralysis  or  stimu- 
lation of  certain  vasomotor  areas  all  produce  remarkable  variations  in  the  blood - 
pressure  (§  371).  [The  effect  of  dilatation  of  a  large  vascular  area  on  the  arterial 
pressure  is  well  shown  by  what  happens  when  the  blood-vessels  of  the  abdomen  are 
dilated.  Divide  both  vagi  in  the  neck  of  a  rabbit  and  stimulate  the  central  end  of 
the  superior  cardiac  branch  of  the  vagus  or  depressor  nerve ;  after  a  few  seconds 
the  blood-vessels  of  the  abdomen  dilate,  and  gradually  there  is  a  steady  fall  of  the 
blood-pressure  in  the  systemic  arteries.  Fig.  119  is  a  blood-pressure  tracing 
«   h 


Fig.  119. 

Kymographic  tracing  showing  the  effect  on  the  blood -pressure  of  stimulation  of  the  central  end 
of  the  depressor  nerve  in  the  rabbit  after  section  of  both  vagi  in  the  neck.  Stimulation 
began  at  a  and  ended  at  h  ;  o-9c,  the  abscissa. 

showing  the  height  of  the  blood-pressure  before  stimulation,  a.  The  stimulation 
was  continued  from  a  to  Z>,  and  after  a  rather  long  latent  period  there  is  a  steady 
fall  of  the  blood-pressure. 

(/)  Respiratory  Undulations. — The  arterial  pressure  also  undergoes  regular 
variations  or  undulations  owing  to  the  respiratory  movements.  These  undulations 
are  called  respiratory  undulations  (figs.  115,  119,  120).  Stated  broadly,  on  the 
whole,  during  inspiration  the  blood-pressure  rises,  and  during  expiration  it  falls 
(§  74;.  This  is  not  strictly  correct.  These  undulations  may  be  explained  by  the 
fact  that,  with  every  expiration,  the  blood  in  the  aorta  is  subjected  to  an  increase 
of  pressure  through  the  compressed  air  in  the  chest ;  with  every  inspiration,  on  the 
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Other  hand,  it  is  diminished  owing  to  the  rarefaction  of  the  air  in  the  hnigs  acting 
upon  the  aorta.  Besides,  the  inspiratory  movements  of  the  chest  aspirate  blood 
from  the  vense  cavae  towards  the  heart,  while  expiration  retards  it  and  thus 
influences  the  blood-pressure.  The  undulations  are  most  marked  m_  the  arteries 
lyinc  nearest  to  the  heart.  The  respiratory  undulations  are  due  m  part  to  a 
stimulation  or  condition  of  excitement  of  the  vaso-motor  centre,  which  runs  parallel 
with  the  respiratory  movements.  This  stimulation  of  the  vaso-motor  centre  causes 
the  arteries  to  contract,  and  thus  the  blood-pressure  is  raised.  The  variations  m 
the  pressure  which  depend  upon  a  varying  activity  «fthe  vaso-motor- centre  ar^^ 
known  as  the  "  curves  of  Traube  and  Hering."    Fig.  1 20  shows  the  carotid  blood- 


Carotid  blood- pressure  tracing  of 


Fig.  120. 

vagi  not  divided  ;  I  =  inspiration.  E  =  expiration 
{Stirling). 


pressure  tracing  of  a  dog.  In  this  curve,  when  inspiration  begins  (1)  the  blood- 
pressure  is  still  falling  sHghtly,  but  gradually  rises  until  it  reaches  its  maximum 
shortly  after  the  beginning  of  expiration  (E).  [The  maxima  and  minima  of  he 
respiratory  and  blood-pressure  curves  do  not  coincide  exactly  but  m  addition  the 
nZber  of  pulse-beats  is  greater  in  the  ascent  than  in  the  descent  This  is  well 
marked  in  a  blood-pressure  tracing  from  a  dog's  carotid  1 20)  while  in  a  rabbit 
this  diiference  of  the  pulse-rate  is  but  sUghtly  marked  (fig  119)  The  smaller 
number  of  pulse-beats  during  the  descent,  i.e.,  during  the  greater  part  of  expiration, 
is  due  to  the  activity  of  the  cardio-inhibitory  centre  in  the  medulla  oblongata. 
This  is  proved  by  the  fact  that  section  of  both  vagi  in  the  dog  causes  the  diilerence 
of  pulse  rate  to  disappear,  while  other  conditions  remain  the  same  as  before,  except 
that  the  heart  beats  more  rapidly.  It  would  seem  that,  during  the  ascent  he 
cardio-inhibitory  centre  is  comparatively  inactive.  It  is  clear,  therefore,  that  the 
respiratory  and  cardio-inhibitory  centres  in  the  medulla  oblongata  act  to  a 
certein  extent  in  unison,  so  that  it  is  reasonable  to  suppose  that  other  centres 
situated  in  close  proximity  to  these  may  also  act  in  unison  with  them,  o^..^^  ^  ^er". 
"  in  sympathy."    As  already  stated,  the  vaso-motor  centre  is  also  in  action  during 

'  flf  r  do7be  llrisejr:;!!  artificial  respiration  established  the  respiratory 
undulations  still  occur,  although  in  a  modified  form.  In  artificial  respiration 
the  mechanical  conditions,  as  regards  the  intra-thoracic  pressure,  are  exact  y  the 
reverse  of  those  which  obtain  during  ordinary  respiration  Air  is  forced  into  the 
chest  during  artificial  respiration,  so  that  the  pressure  withm  the  chest  is  increased 
during  inspiration,  while  in  ordinary  inspiration  the  pressure  is  diminished.  Thus, 
the  same  mechanical  explanation  will  not  sufiice  for  both  cases.J 

If  the  artificial  respiration  be  suddenly  interrupted  m  a  curarised  anima  ,  the  blood- 
pressure  rises  steadily  and  rapidly.  This  rise  is  due  to  the  stimulation  of  the 
Tso-motor  centre  in  the  meduUa  oblongata  by  the  impure  blood.  This  causes 
Contraction  of  the  small  arteries  throughout  the  body,  which  retards  the  outflow 
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from  the  large  arteries,  and  thus  the  pressure  within  them  is  raised.  [Stated 
broadly,  the  arterial  pressure  depends  on  the  central  organ — the  heart,  and  on  the 
condition  of  the  peripheral  organs — the  small  arteries.  Both  are  influenced  by 
the  nervous  system.  If  the  action  of  the  vaso-motor  centre  be  eliminated  by 
dividing  the  spinal  cord  in  the  cervical  region,  arrest  of  the  respiration  causes  a 
very  slight  rise  of  the  blood-pressure ;  hence,  it  is  evident  that  venous  blood  acts 
but  slightly  on  the  heart,  or  on  any  local  peripheral  nervous  mechanism,  or  on  the 
muscular  fibres  of  the  arteries.  This  experiment  shows  that  it  is  the  vaso-motor 
centre  which  is  specially  acted  upon  by  the  venous  blood.] 

[Traube-Hering  Curves.— The  following  experiment  proves  that  the  varying 
activity  of  the  vaso-motor  centre  suffices  to  produce  undulations  in  the  blood^ 
pressure  tracing.  In  a  curarised  dog  expose  both  vagi;  estabhsh  artificial 
respiration;  and  estimate  the  blood-pressure  in  the  carotid.  After  section  of  the 
vagi,  the  heart  will  beat  more  rapidly,  but  it  will  be  undisturbed  by  the  cardio- 
inhibitory  centre.  Thus  the  central  factor  in  the  causation  of  the  blood-pressure 
remains  constant._  Suddenly  interrupt  the  respiration,  and,  as  already  stated,  the 
blood-pressure  will  rise  steadily  and  uniformly,  owing  to  the  stimulation  of  the 
vaso-motor  centre  by  the  venous  blood.  In  this  case  Ü\q  peripheral  factor,  or  state 
of  tension  of  the  small  arteries  throughout  the  body,  is  influenced  by  the  condition 
of  the  nerve-centre,  which  controls  their  action.  After  a  time,  the'  blood-pressure 
tracing  shows  a  series  of  bold  curves  higher  than  the  original  tracing.  These  can 
only  be  due  to  an  alteration  in  the  state  of  the  small  arteries,  brought  about  by  a 
condition  of  rhythmical  activity  of  the  vaso-motor  centre.  These  curves  were 
described  and  figured  by  Traube,  and  are  called  the  Traube  or  Traube-Hering 
curves.  As  in  other  conditions,  stimulation  causes  exhaustion,  and  soon  the  venous 
blood  paralyses  the  vaso-motor  centre,  and  the  small  arteries  relax,  blood  flows 
freely  out  of  the  larger  arteries,  and  the  blood-pressure  rapidly  sinks.  Variations 
in  the  blood-pressure  have  been  observed  after  a  mechanical  pump  has  been 
substituted  for  the  heart,  i.e.,  after  all  respiratory  movements  have  been  set 
aside,  so  that  the  only  factor  which  would  account  for  the  phenomena  of  the  Traube- 
Hering  curves  is  the  variation  in  the  peripheral  resistance  in  the  small  arteries, 
determined  by  the  condition  in  the  vaso-motor  centre.] 

Variations.— The  respiratory  undulations  of  the  blood-pressure  become  more  pronounced  the 
greater  the  force  of  the  respirations,  which  produce  greater  variations  of  the  intra-thoracic 
pressure.  In  man,  the  diminution  of  the  pressure  within  the  trachea  is  1  nnn.  Hg  during 
tranquil  inspiration,  while  during  forced  respiration,  when  the  respiratory  passage  is  closed  it 
may  be  57  mm.  Conversely,  during  ordinary  expiration,  the  pressure  is  increased  within  the 
trachea  2-3  mm.  Hg,  while  during  forced  expiration,  owing  to  the  compression  of  tlie  abdominal 
muscles,  it  may  reach  87  mm.  Hg. 

Other  Factors.— The  increase  of  the  blood-pressure  during  inspiration,  as  well  as  the  fall 
during  expiration,  must  in  part  depend  upon  the  pressure  within  the  abdomen.  As  the  dia 
phragm  descends  during  inspiration,  it  presses  upon  the  abdominal  contents,  including  the 
abdominal  vessels,  whereby  the  blood-pressure  must  be  increased.  The  reverse  effect  occurs 
during  expiration  {SchweinMirg).  [Section  of  both  phrenic  nerves  and  opening  of  the  abdominal 
cavity  cause  the  respiratory  undulations  almost  entirely  to  disappear.  The  respiratory  undula 
tions,  therefore,  depend  in  great  part  upon  the  changes  of  the  abdominal  pressure  and  the  effect 
ot  these  changes  on  the  amount  of  blood  in  the  abdominal  vessels.  When  making  a  blood 
pressure  experiment,  pressure  upon  the  abdomen  of  the  animal  with  the  hand  causes  the  blood 
pressure  to  rise  rapidly.  ] 

_  Kronecker  and  Heinricius  ascribe  the  undulations  to  mechanical  causes,  and  as  due  to  the 
simultaneous  compression  of  the  heart  by  the  lungs  during  respiration.  Everything  which 
hinders  the  diastole  of  the  heart  diminishes  the  blood-pressure.  As  soon,  therefore  as  the 
Imigs  during  inspiration  have  become  distended  so  far  as  to  compress  the  heart,  the  diastole  is 
aflected,  and  thereby  a  decrease  in  the  blood-pressure  of  the  aorta  is  brought  about.  As  soon 
as  air  passes  out  of  the  lungs,  and  the  latter  retract,  the  heart  becomes  fuller  and  the 
arterial  pressure  rises. 

■  (ö')  Variations  with  each  Pulse-Beat— The  mean  arterial  pressure  undergoes 
a  variation  with  each  heart-beat  or  pulse-heat,  causing  the  so-called  pulsatory 
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undulations  (fig.  120).  The  mass  of  blood  forced  into  the  arteries  with  each 
ventricular  systole  causes  a  positive  wave  and  an  increase  of  the  pressure  corre- 
sponding with  it,  which  of  course  corresponds  in  its  development  and  in  its  form 
with  the  pulse-curve. 

In  the  large  arteries  Volkmann  found  the  increase  during  tbe  heart-beat  to  be  =^  (horse) 
and  iV  (dog)  of  the  total  pressure. 

None  of  the  apparatus  described  in  §  84  gives  an  exact  representation  ot  the  puise-curve. 
They  all  show  simply  a  rise  and  fall,  a  simple  curve.  The  sphygmograph  alone  gives  a  true 
expression  of  the  undulations  in  the  blood-pressure  which  are  due  to  the  heart-beat. 
A(7i)  Arrest  of  the  Heart's  Action.— If  the  heart's  action  be  arrested  or  interrupted 
by  continued  stimulation  of  the  vagus,  or  by  high  positive  respiratory  pressure, 
the  arterial  blood-pressure  falls  enormously,  while  it  rises  in  the  veins  as  the  blood 
flows  into  them  from  the  arteries  to  equilibrate  the  difference  of  pressure  in  the  two 
sets  of  vessels.  This  experiment  shows  that,  even  when  the  difference  of  pressure 
is  almost  entirely  set  aside,  the  passive  blood  presses  upon  the  arterial  walls,  i.e., 
on  account  of  the  overfilling  of  the  blood-vessels  a  sHght  pressure  is  exerted  upon 
the  walls,  even  when  there  is  no  circulation.  [As  already  stated,  the  arterial 
pressure  depends  on  the  condition  of  the  central  organ— the  heart— and  on  the 
peripheral  organs— the  small  arteries.  If  the  action  of  the  heart  be  arrested,  then 
the  blood-pressure  rapidly  falls.    Fig.  121  shows  the  effect  on  the  blood-pressure 

a  h   


Fig.  121. 

Blood-pressure  tracing  taken  Avith  a  mercurial  kymograph  from  the  carotid  of  a  rabbit. 
o-x,  abscissa  ;  stimulation  of  vagus  begun  at  a  and  stopped  at  b. 

of  arresting  the  action  of  the  heart  by  stimulation  of  the  peripheral  end  of  the 
vagus  in  a  rabbit.  There  is  a  sudden  fall  of  the  arterial  pressure,  as  shown  by 
the  rapid  fall  of  the  curve  from  a.'] 

[Variationsin  Animals.— The  pressure  in  the  arterial  system  depends  upon  the  balance 
between  the  inflow  and  outflow,  i.e.,  upon  the  heart  and  the  state  of  the  arterioles,  ßut  it  is 
to  be  noted  that  the  central  factor,  the  heart,  varies  in  diff"erent  animals.  In  the  rabDit  rne 
heart  normally  beats  rapidly,  so  that  section  of  the  vagi  does  not  cause  any  great  increase  in 
the  number  of  beats,  nor  is  the  blood-pressure  much  raised  thereby.  In  the  dog  on  tne  orner 
hand,  the  beats  are  considerably  increased  by  section  of  the  vagi,  while  ^he  blood-pressure 
rises  considerably.  Atropin  paralvses  the  cardiac  terminations  of  the  vagus,  and  thereby  trebles 
the  number  of  heart-beats  iu  the  dog,  while  it  only  raises  it  25  per  cent  in  the  rabbit  ;  in  man 
aaain,  the  number  may  be  doubled.  As  Brunton  has  shown,  this  difference  ot  the  initial 
number  of  heart-beats  and  the  action  of  the  vagus  have  important  relations  to  the  action  oi 
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drugs  on  the  blood-pressure.  For  example,  if  an  intact  rabbit  be  caused  to  inhale  amyl  nitrite 
the  blood-pressure  falls  at  once  and  rapidly,  while  in  the  dog  the  fall  may  be  slight.  The  pulse 
of  the  dog,  howevei^,  is  greatly  accelerated,  so  much  so  as  to  be  nearly  as  rapid  as  that  of  the 
rabbit.  In  both,  the  vessels  are  dilated,  but  in  the  dog,  notwithstanding  this  dilatation,  which 
per  se  would  cause  the  pressure  to  fall,  the  heart  of  the  dog  beats  now  so  rapidly  as  to  com- 
pensate for  this,  and  thus  keeps  the  blood-pressure  nearly  normal  ;  while  the  increased  rate  of 
beating  in  the  rabbit  is  not  sufficient  for  this  purpose,  if  the  vagi  in  the  dog  be  divided,  the 
subsequent  inhalation  of  amyl  nitrite  causes  a  fall  of  blood-pressure  like  that  in  the  rabbit 
{Brunton).  Fig.  122  shows  that  the  arterial  tension  has  no  direct  relation  to  the  position  of  an 
animal  in  the  zoological  scale.  ] 

[Relation  of  Blood-Pressure  to  Pulse-Rate. — When  the  blood-pressure  rises  in 
an  intact  animal,  as  a  rule  the  pulse-rate  falls,  owing  to  stimulation  of  the  vagus 
centre  increasing  the  cardio-inhibitory  action, 
while  a  fall  of  blood-pressure  is  accompanied  by 
an  increase  of  the  number  of  pulse-beats  for  the 
opposite  reason,  the  action  of  the  medullary 
cardio-inhibitory  centre  being  increased.  But 
the  blood-pressure  may  be  increased  either  by 
the  action  of  the  heart  or  the  arterioles.  If  we 
divide  the  vagi  the  pulse  beats  more  quickly, 
and  in  some  animals  the  blood-pressure  rises  ; 
in  this  case,  the  rise  in  the  two  curves  occurs 
together,  and  if  the  vagi  be  stimulated  there  is  a 
sudden  fall  of  the  blood-pressure,  due  to  arrest 
of  the  heart's  action,  so  that  again  the  two  curves 
are  parallel.  If  the  arterioles  contract  the  blood- 
pressure  rises,  but  by  and  by  the  pulse-rate  falls, 
owing  to  the  cardio-inhibitory  action  of  the 
vagus  ;  while  on  the  other  hand,  if  the  arterioles 
are  dilated,  the  blood-pressure  falls,  and  the 
heart  beats  faster.  Thus,  in  both  of  these  cases 
the  pulse-curve  and  blood-pressure  curve  run  in 
opposite  directions.  These  results  only  obtain 
when  the  vagi  are  intact  {Brunton). '\ 

[The  increase  in  the  pulse-rate  and  blood-pressure 
following  section  of  the  vagi  do  not  run  parallel.  Both 
sooner  or  later  reach  a  maximum,  but  the  blood-pressure 
gradually  falls  to  or  below  the  normal  while  the  pulse- 
rate  remains  above  the  normal  {Älünzel).] 

For  the  effects  of  the  nervous  system  upon  the  blood- 
pressure,  see  §  371. 

Pathological. — In  persons  suffering  from  granular  or 
contracted  kidney  and  sclerosis  of  the  arteries,  in  lead- 
poisoning,  and  after  the  injection  of  ergotin,  which 
causes  contraction  of  the  small  arteries,  it  is  found,  on 
employing  the  method  of  v.  Bäsch,  that  the  blood- 
pressure  is  raised.  It  is  also  increased  in  cases  of  cardiac 
hypertrophy  with  dilatation,  and  by  digitalis  in  cardiac  affections,  while  it  falls  after  the 
injection  of  morphia.  The  blood-pressure  falls  in  fever,  a  fact  also  indicated  in  the  sphyt^mo- 
gram  (§  69),  and  it  is  low  in  chlorosis  and  phthisis. 

86.  BLOOD-PRESSURE  IN  THE  CAPILLARIES.— Methods.— Direct  estimation  of  the  capil- 
lary pressure  is  not  possible  on  account  of  the  smallness  of  the  capillaries.  If  a  glass  plate  of 
known  dimensions  be  placed  on  a  vascular  portion  of  the  skin,  and  if  it  be  weighted  until  the 
capülanes  become  pale,  we  obtain  approximately  the  pressure  necessary  to  overcome  the  capil- 
lary pressure.  v.  Kries  placed  a  small  glass  plate  (fig.  123)  2-5-5  sq.  mm.,  on  the  skin  at 
the  root  of  the  nail  on  the  terminal  phalanx,  or  on  the  ear  in  man,  and  on  the  gum  in  rabbits. 
Into  a  scale-pan  attached  to  this  weights  were  placed  until  the  skin  became  pale.  The  pressure 
in  the  capillaries  of  the  hand,  when  the  hand  is  raised,  Kries  found  to  be  24  mm.  Hg. ;  when 
the  hand  hangs  down,  54  mm.  Hg. ;  in  the  ear,  20  ram.  ;  and  in  the  gum  of  a  rabbit,  32  mm. 

10 


.  Zine  of 
no pressure, 
Y  or  abscissa. 


Fig.  122. 

Blood-pressure  tracings  from  different 
animals.  The  scale  of  centimetres 
is  reduced  one-half. 
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Roy  and  Graham  Brown  compressed  from  below  transparent  vascular  membranes  against  a 
glass  plate  by  means  of  an  elastic  bag  connected  with  a  manometer,  wdiile  the  variations  m  the 
capillaries  were  observed  from  above  by  a  microscope. 

Conditions  influencing  Capillary  Pressure.— The  capillary  blood-pressure  in  a 
given  area  increases — (1)  When  the  afferent  small  arteries  dilate,  so  that  the 
blood-pressure  within  the  large  arteries  is  propagated  more  easily  into  them.  (2)  By 
increasing  the  pressure  in  the  small  afferent  arteries.  -  (3)  By 
narrowing  the  diameter  of  the  veins  leading  from  the  capillary  area. 
Closure  of  the  veins  may  quadruple  the  pressure.  (4)  By  increas- 
ing the  pressure  in  the  veins,  e.g.,  by  altering  the  position  of  a 
limb.  A  diminution  of  the  capillary  pressure  i^  caused  by  the 
opposite  conditions. 

Changes  in  the  diameter  of  the  capillaries  influence  the  internal  pressure. 
We  have  to  consider  the  movements  of  the  capillary  wall  itself  as  well  as  the 
pressure,  swelling,  and  consistence  of  the  surrounding  tissues.  The  resist- 
ance to  the  blood-stream  is  greatest  in  the  capillary  area,  and  it  is  evident 
that  the  blood  in  a  long  capillary  must  exert  more  pressure  at  the  commence- 
ment than  at  the  end  of  the  capillary ;  in  the  middle  of  the  capillary  area 
the  blood-pressure  is  just  about  one-half  of  the  pressure  within  the  large 
arteries  {Bonders).  The  capillary  pressure  must  also  vary  in  different  regions 
of  the  body.  Thus,  the  pressure  within  the  intestinal  capillaries,  in  those 
constituting  the  glomeruli  of  the  l^idney,  and  in  those  of  the  lower  hmbs 
when  a  person  is  in  the  erect  posture,  must  be  greater  than  in  other  regions, 
depending  in  the  former  cases  partly  upon  the  double  resistance  caused  by 
two  sets  'of  capillaries,  and  in  the  latter  case  partly  on  purely  hydrostatic 
causes. 

87.  Blood-Pressure  in  the  Veins.— In  the  large  venous  trunks 

near  the  heart  (innominate,  subclavian,  jugular)  a  mean  negative 
pressure  of  about  -  O'l  mm.  Hg.  prevails  {H.  Jacobson).  Hence, 
the  lymph-stream  can  flow  unhindered.  As  the  distance  of  the 
veins  from  the  heart  increases,  there  is  a  gradual  increase  of  the  lateral  pressure ; 
in  the  external  facial  vein  (slieep)=+3  mm.;  brachial,  4'1  mm.,  and  in  its 
branches  9  mm.  ;  crural,  1 1  '4  mm.  [The  pressure  is  said  to  be  negative  when  it 
is  less  than  that  of  the  atmosphere.  The  gradual  fall  of  the  blood-pressure  from 
the  capillary  area  (C)  to  the  venous  area  (V)  is  shown  in  fig.  124,  while  within 
the  thorax,  where  the  veins  terminate  in  the  right  auricle,  the  pressure  is  negative.] 
Modifying  Conditions. — (1)  All  conditions  which  diminisli  the  difference  of 
pressure  between  the  arterial  and  venous  systems  increase  the  venous  pressure,  and 
vice  versa. 

(2)  General  plethora  of  blood  increases  it ;  ansemia  diminishes  it. 

(3)  Respiration,  or  the  aspiration  of  the  thorax,  affects  specially  the  pressure 
in  the  veins  near  the  heart;  during  inspiration,  owing  to  the  diminished  tension, 
blood  flows  towards  the  chest,  Avhile  during  expiration  it  is  retarded.  The 
effects  are  greater  the  deeper  the  respiratory  movement,  and  these  may  be  very 
great  when  the  respiratory  passages  are  closed  (§  60). 

[When  a  vein  is  exposed  at  the  root  of  the  neck,  it  collapses  during  inspiration,  and  fills 
durino-  expiration.  The  respiratory  movements  do  not  attect  the  venous  stream  in  peripheral 
veins."  The  veins  of  the  neck  and  face  become  distended  with  blood  during  crymg,  and  on 
niakino-  violent  expiratory  efforts,  as  in  blowing  upon  a  wind  instrument.  Every  surgeon  is 
acquainted  with  the  fact  that  air  is  particularly  liable  to  be  sucked  into  the  veins  during 
inspiration  in  operations  near  the  root  of  the  neck.  This  is  due  to  the  negative  intra-thoracic 
pressure  occurring  during  inspiration.] 

(4)  Aspiration  of  the  Heart.— Blood  is  sucked  or  aspirated  into  the  auricles 
when  they  dilate  (p.  66),  so  that  there  is  a  double  aspiration — one  synchronous 
with  inspiration,  and  the  other,  which  is  but  slight,  synchronous  with  the  heart- 
beat. There  is  a  corresponding  retardation  of  the  blood-stream  in  the  vense  cavae, 
caused  by  the  contraction  of  the  auricle  (p.  67,  a).    The  respiratory  and  cardiac 


Fig  123. 

V.  Kries's  appara- 
tus for  capiUary 
jn-essure.  a, 
square  of  glass. 
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undulations  are  occasionally  observable  in  the  jugular  vein  of  a  healthy  person 
(§  99). 

(5)  Change  in  the  position  of  the  limbs  or  of  the  body,  for  hydrostatic  reasons, 
greatly  alters  the  venous  pressure.  The  veins  of  the  lower  extremity  bear  the 
greatest  pressure,  and  Bardeleben  has  shown  that  the  walls  of  these  veins  contain 
much  smooth  muscle  (§  65).  Hence,  when  these 
muscles  '  from  any  cause  become  insufficient, 
dilatations  occur  in  the  veins,  giving  rise  to  the 
production  of  varicose  veins. 

[Braune  showed  that  the  femoral  vein  under  Poupart's 
ligament  collapsed  when  the  lower  limb  was  rotated 
outwards  and  backwards,  but  filled  again'  when  the  limb 
was  restored  to  its  former  position.  All  the  veins  which 
open  into  the  femoral  vein  have  valves,  which  permit 
blood  to  pass  into  the  femoral  vein,  but  prevent  its  reflux. 
This  mechanism  acts  to  a  slight  degree  as  a  kind  of  suc- 
tion and  pressure  apparatus  when  a  person  walks,  and 
thus  favours  the  onward  movement  of  the  blood.] 

[(6)  Muscular  Movements. — Veins  which  lie 
between  muscles  are  compressed  when  these 
muscles  contract,  and  as  valves  exist  in  the  veins, 
the  flow  of  blood  is  accelerated  towards  the  heart ; 
if  the  outflow  of  the  blood  be  obstructed  in  any 
way,  then  the  venous  pressure  on  the  distal  side 
of  the  obstruction  may  be  greatly  increased. 
When  a  fillet  is  tied  on  the  upper-arm,  and  the 
person  moves  the  muscles  of  the  fore-arm,  the 
superficial  veins  become  turgid,  and  can  be  distinctly  traced  on  the  surface  of  the 
limb.] 

(7)  Gravity  exercises  a  greater  eff'ect  upon  the  blood-stream  in  the  extensile 
veins  than  upon  the  stream  in  the  arteries.  It  acts  on  the  distribution  of  the 
blood,  and  thus  indirectly  on  the  motion  of  the  blood-stream.  It  favours  the 
emptying  of  descending  veins,  and  retards  the  emptying  of  ascending  veins, 
so  that  the  pressure  becomes  less  in  the  former  and  greater  in  the  latter.  If 
the  position  of  the  limb  be  changed,  the  conditions  of  pressure  are  also  altered. 
If  a  person  be  suspended  with  the  head  hanging  downwards,  the  face  soon 
becomes  turgid,  the  position  of  the  body  favouring  the  inflow  of  blood  through 
the  arteries  and  retarding  the  outflow  through  the  veins.  If  the  hand  hangs 
down  it  contains  more  blood  in  the  veins  than  if  it  is  held  for  a  short  time  over 
the  head,  when  it  becomes  pale  and  bloodless.  [As  Lister  has  shown,  the  condition 
of  the  vessels  in  the  limb  is  influenced  not  only  by  the  position  of  the  limb,  but 
also  by  the  fact  that  a  nervous  mechanism  is  called  into  play.] 

[Ligature  of  tlie  portal  vein  causes  congestion  of  the  rootlets  and  dilatation  of  all  the  blood- 
vessels in  the  abdomen  ;  gradually  nearly  all  the  blood  of  the  animal  accumulates  within  its 
belly,  so  that,  paradoxical  as  it  may  seem,  an  animal  may  be  bled  into  its  own  belly.  As  a 
consequence  of  sudden  and  com'plete  ligature  of  tiiis  vein,  the  arterial  blood-pressure  gradually 
and  rapidly  falls,  and  the  animal  dies  veiy  quickly.  If  the  ligature  be  removed  before  the 
blood-pressure  falls  too  much,  the  animal  may  recover.  Schitf  and  Lautenbach  regard  the 
symptoms  as  due  chiefly  to  the  action  of  a  poison,  for  when  the  blood  of  the  portal  vein  in  an 
animal  treated  in  this  way  is  injected  into  a  frog,  it  causes  death  within  a  few  hours,  while  the 
ordinary  blood  of  the  portal  vein  has  no  eff'ect.] 

_  [Ligature  of  the  Veins  of  a  Limb.— The  eff'ect  of  ligaturing  or  compressing  all  the  veins  of  a 
limb  is  well  seen  in  cases  where  a  bandage  has  been  applied  too  tightly.  It  leads  to  congestion 
and  increase  of  pressure  within  the  veins  and  capillaries,  increased  transudation  of  fluid  through 
the  capillaries,  and  consequent  oedema  of  the  parts  beyond  the  obstruction.  Ligature  of  cme 
vein  does  not  always  produce  oedema,  but  if  several  veins  of  a  limb  be  ligatured,  and  the  vaso- 
motor nerves  be  divided  at  the  same  time,  the  rapid  production  of  oedema  is  ensured.  In 


Fig.  124. 

Scheme  of  the  blood-pressure.  H, 
heart  ;  a,  auricle ;  v,  ventricle  ; 

A,  arterial ;  C,  capillary;  and  V, 
venous  areas.  The  circle  indi- 
cates the  parts  within  the  thorax ; 

B.  P.,  pressure  in  the  aorta. 
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pathological  cases  the  pressure  of  a  tumour  upon  a  large  vein  may  produce  similar  results 
(§  203).] 

88.  BLOOD-PRESSURE  IN  THE  PULMONARY  ARTERY.— Methods.— (1)  Direct  estima- 
tion of  the  blood-}. ressure  in  the  pulmonary  artery  by  opening  the  chest  was  made  by  C.  Ludwig 
and  Beutner  (1850).  Artificial  respiration  was  kept  up,  and  the  manometer  was  placed  in  con- 
nection with  the  left  branch  of  the  pulmonary  artery.  The  circulation  through  the  left  lung 
of  cats  and  rabbits  was  thereby  completely  cut  otf,  and  in  dogs  to  a  great  extent  interrupted. 
There  was  an  additional  disturbing  element,  viz.,  the  removal  of  the  elastic  force  of  the  lungs, 
owing  to  the  opening  of  the  chest,  whereby  the  venous  blood  no  longer  flowed  normally  into  the 
riecht  heart,  while  the  heart  itself  was  under  the  full  pressure  of  the  atmosphere.  The  estimated 
pressure  in  the  dog  =  29-6  ;  in  the  cat=177  ;  in  the  rabbit  =  12  mm.  Hg.,  i.e.,  m  the  dog  3 
times,  the  rabbit  4  times,  and  the  cat  5  times  less  than  the  carotid  pressure. 

(2)  Hering  (1850)  experimented  upon  a  calf  with  ectopia  cordis.  He  introduced  glass  tubes 
directly  into  the  heart,  by  pushing  them  through  the  muscular  walls  of  the  ventricles.  The 
blood  rose  to  the  height  of  21  inches  in  the  right  tube,  and  33-4  inches  m  the  left. 

(3)  Faivre  (1856)  introduced  a  catheter  through  the  jugular  vein  into  the  right  ventricle, 
and  placed  it  in  connection  with  a  recording  tambour.  _ 

Indirect  measurements  have  been  made  by  comparing  the  relative  thickness  ot  the  walls  ot 
the  right  and  left  ventricles,  or  the  walls  of  the  pulmonary  artery  and  aorta. 

Beutner  and  Marey  estimated  the  relation  of  the  pulmonary  artery  to  the  aortic 
pressure  as  1  to  3  ;  Goltz  and  Gaule  as  2  to  5  ;  Fick  and  Badoud  found  a  pressure 
of  60  mm.  in  the  pulmonary  artery  of  the  dog,  and  in  the  carotid  111  mm.  Hg. 
The  blood-pressure  within  the  pulmonary  artery  of  a  child  is  relatively  higher  than 
in  the  adult.  ■ 

Elastic  Tension  of  Lungs.— The  lungs  within  the  chest  are  kept  m  a  state  ot 
distention,  owing  to  the  fact  that  a  negative  pressure  exists  on  their  outer  pleural 
surface.  When  the  glottis  is  open,  the  inner  surface  of  the  lung  and  the  walls  of 
the  capillaries  in  the  pulmonary  air-vesicles  are  exposed  to  the  full  pressure  of  the 
air.  The  heart  and  large  blood-vessels  within  the  chest  are  not  exposed  to  the  full 
pressure  of  the  atmosphere,  but  only  to  the  pressure  which  corresponds  to  the 
atmospheric  pressure  minus  the  pressure  exerted  by  the  elastic  traction  of  the  lungs 
(§60).  The  trunks  of  tlie  pulmonary  artery  and  veins  are  subjected  to  the  same 
conditions  of  pressure.  The  elastic  traction  of  the  lungs  is  greater  the  more  they  are 
distended.  The  blood  of  the  pulmonary  capillaries  will,  therefore,  tend  to  flow 
towards  the  large  blood-vessels.  As  the  elastic  traction  of  the  lungs  acts  chiefly 
on  the  thin-walled  pulmonary  veins,  while  the  semi-lunar  valves  of  the  pulmonary 
artery,  as  well  as  the  systole  of  the  right  ventricle,  prevent  the  blood  from  flowing 
backwards,  it  follows  that  tlte  Uood  in  the  capillaries  of  the  lesser  circulation  must 
flow  towards  the  pulmonary  veins. 

If  tubes  with  thin  walls  be  placed  in  the  walls  of  an  elastic  distensible  bag,  the 
lumen  of  these  tubes  changes  according  to  the  manner  in  which  the  bag  enclosing 
them  is  distended.  If  the  bag  be  directly  inflated  so  as  to  increase  the  pressure 
within  it,  the  lumen  of  the  tubes  is  diminished  {Funhe  and  Latschenberger).  If 
the  bag  be  placed  within  a  closed  space,  and  the  tension  within  this  space  be 
diminished  so  that  the  bag  thereby  becomes  distended,  the  tubes  in  its  wall  dilate. 
In  the  latter  case— viz.,  by  negative  aspiration— the  lungs  are  kept  distended 
within  the  thorax,  hence  the  blood-vessels  of  the  lungs  containing  air  are  wider 
than  those  of  collapsed  lungs  {Quincke  arid  Pfeifer,  Bowditch  and  Garland,  De 
Jäger).  Hence  also  more  blood  flows  through  the  lungs  distended  withm  the 
thorax  than  through  collapsed  lungs.  The  dilatation  which  takes  place  during 
inspiration  acts  in  a  similar  manner.  The  negative  pressure  that  obtains  within 
the  lungs  during  inspiration  causes  a  considerable  dilatation  of  the  pulmonary  veins, 
into  which  the  blood  of  the  lungs  flows  readily,  whilst  the  blood  under  high 
pressure  in  the  thick- walled  pulmonary  artery  scarcely  undergoes  any  alteration. 
The  velocity  of  the  blood-stream  in  the  pulmonary  vessels  is  accelerated  during 
inspiration  {De  Jäger,  Lalesgue).  The  blood-pressure  in  the  pulmonary  circuit  is 
raised  when  the  lungs  are  inflated.    Contraction  of  small  arteries,  which  causes  an 
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increase  of  the  blood-pressure  in  the  systemic  circulation,  also  raises  the  i-)ressurc 
in  the  pulmonary  circuit,  because  more  blood  flows  to  the  right  side  of  the  heart. 

The  vessels  of  the  pulmonary  circulation  are  very  distensible  and  their  tonus  is 
sHght.  [Occlusion  of  one  branch  of  the  pulmonary  artery  does  not  raise  the 
pressure  within  the  aorta.  Even  when  one  pulmonary  artery  is  plugged  with  an 
embolon  of  paraffin,  the  pressure  within  the  aortic  system  is  not  raised  {Lichtheim). 
When  a  large  branch  of  the  pulmonary  artery  becomes  impervious,  the  obstruction 
is  rapidly  compensated  for,  and  this  is  not  due  to  the  action  of  the  nervous  system. 
The  vaso-motor  system  has  much  less  effect  upon  the  pulmonary  blood-vessels  than 
upon  those  of  the  systemic  circulation.  The  compensation  seems  to  be  due  chiefly 
to  the  great  distensibility  and  dilatation  of  the  pulmonary  vessels  (Lichtheim).] 
Wg  know  little  of  the  effect  of  physiological  conditions  upon  the  pulmonary 
artery.  According  to  Lichtheim  suspension  of  the  respiration  causes  an  increase 
of  the  pressure.  [In  one  experiment  he  found  that  the  pressure  within  the 
pulmonary  artery  was  increased,  while  it  was  not  increased  in  the  carotid,  and  he 
regards  this  experiment  as  proving  the  existence  of  vaso-motor  nerves  in  the  lung. 
While  asphyxia  increases  enormously  the  blood-pressure  in  the  systemic  arteries, 
it  has  very  little  or  no  effect  on  the  pressure  as  measured  in  the  pulmonary  system, 
although  the  latter  is  provided  with  vaso-motor  nerves  (§  371).] 

During  the  act  of  great  straining  the  blood  at  first  flows  rapidly  out  of  the  pulmonary  veins, 
and  afterwards  ceases  to  flow,  liecause  the  inflow  of  blood  into  the  pulmonary  vessels  is  inter- 
fered with.  As  soon  as  the  straining  ceases,  blood  flows  rapidly  into  tlie  pulmonary  vessels 
{Lalesque). 

Severini  found  that  the  blood-stream  through  the  lungs  is  greater  and  more  rapid  when  the 
lungs  are  filled  with  air  rich  in  CO2  than  when  the  air  within  them  is  rich  in  0.  He  supposes 
that  these  gases  act  upon  the  vascular  ganglia  within  the  lung,  and  thus  aflect  the  diameter  of 
the  vessels. 

Pathological.— Increase  of  the  pressure  within  the  area  of  the  pulmonary  artery  occurs 
frequently  in  man,  in  certain  cases  of  heart  disease.  In  these  cases  the  second  pulmonary 
sound  is  always  accentuated,  while  the  elevation  caused  thereby  in  the  cardiogram  is  always 
more  marked  and  occurs  earlier  (§  52).  Electrical  and  mechanical  stimulation  of  abdominal 
organs  raises  the  blood-pressure  in  the  pulmonary  artery  {Alorcl). 

[The  action  of  drugs  on  the  pulmonary  circulation  may  be  tested  by  Holmgren's  apparatus 
(§  94),  which  permits  of  distention  of  the  lung  and  retention  of  the  normal  circulation  in  the 
frog.  Cold  contracts  the  ])ulmonary  capillaries  to  one-third  of  their  diameter,  and  anesthetics 
•arrest  the  pulmonary  circulation,  chloroform  being  most  and  ether  least  active,  while  ethidene 
is  internlediate  in  its  eflfeet.] 

[Influence  of  the  Nervous  System  on  the  Pulmonary  Circulation. — It  is  much 
less  dependent  on  the  nervous  system  than  the  systemic  circulation,  but  recent 
experiments  have  shown  that  the  pulmonary  vessels  are  supplied  by  vaso-motor 
nerves  through  the  roots  of  the  uppermost  (2-7)  dorsal  nerves  (§  371).  Very  con- 
siderable variations  of  the  blood-pressure  within  the  other  parts  of  the  body  may 
occur,  while  the  pressure  within  the  right  heart  and  pulmonary  artery  is  but 
slightly  affected  thereby.  The  pressure  is  increased  by  electrical  stimulation  of 
the  medulla  oblongata,  and  it  falls  when  the  medulla  is  destroyed.  Section  and 
stimulation  of  the  central  or  peripheral  ends  of  the  vagi,  stimulation  of  the 
splanchnics,  and  of  the  central  end  of  the  sciatic,  have  but  a  minimal  influence  on 
the  pressure  of  the  pulmonary  artery  (Aubert).] 

[Relation  of  pressure  in  pulmonary  and  systemic  circulations. — If  the  blood- 
pressure  be  measured  simultaneously,  in  a  curarised  dog,  in  the  carotid,  and  in  a 
branch  of  the  pulmonary  artery— the  chest  being  opened  and  artificial  respiration 
being  kept  up — it  is  found  that  the  pulmonary  circulation  is  comparatively  inde- 
pendent of  the  systemic,  and  alterations  in  the  blood-pressure  of  the  latter  must 
be  of  large  amount  to  affect  the  pulmonary  blood-pressure.  While  stimulation  of 
the  peripheral  end  of  the  splanchnic  nerve  raised  the  pressure  from  50  mm.  Hg. 
in  the  carotid  to  104  mm.,  it  raised  that  in  the  pulmonary  artery  from  13  to  16 
mm.  Hg.    Even  stimulation  of  the  lower  end  of  the  divided  spinal  cord,  which 
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raised  the  carotid  pressure  from  52  to  232  mm.  {i.e.,  qiiadrupled  ;t)  o^^J^^^^^^^^^^ 
the  pulmonary  artery  blood-pressure  from  20  to  26  mm.  The  rise  m  the  pulnionar) 
blood-pressure  is  but  a  small  fraction  of  the  total  pulmonary  artery  pressure.  The 
increased  pressure  in  the  aortic  system  must  be  of  considerable  duration  to  effect 
the  rise  in  the  pulmonary  vessels.]  i      i  „^..o^^fi. 

[If  the  anterior  roots  of  the  dorsal  nerves-l)etween  the  second  and  seventh 
dorsal  nerves— be  stimulated,  an  increase  is  obtained  m  the  ^ 
pulmonary  artery  blood-pressure.  This  is  due  to  the  vaso- 
motor nerves,  or  vaso-constrictor  nerves  for  the  lungs, 
which  leave  the  cord  by  these  channels.  The  vaso-motor 
mechanism  of  the  mammalian  lung  is  but  poorly  developed 
as  compared  with  that  regulating  the  systemic  arteries. 
Asphyxia,  of  course,  raises  the  systemic  pressure  enor- 
mously, but  it  also  raises  that  in  the  pulmonary  artery,  and 
the  rise  lasts  longer  in  the  latter  than  in  the  former,  ^^o 
vaso-motor  nerves  are  conveyed  by  the  vagi  to  the  lungs 
{Bradford  and  Dean)^ 

89  VELOCITY  OF  THE  BLOOD-STREAM.— 
Methods:  (1)  A.  W.  Volkmami's  Hsemadromo- 
meter  (1850).— A  glass  tube  of  the  shape  of  ahair- 
pin,  60-130  cm.  long  and  2  or  3  mm.  broad,  with 
a  scale  attached  to  it,  is  fixed  to  a  metallic  basal 
plate,  B,  so  that  each  limb  passes  to  a  three- way ed 
stop-cock.  The  basal  plate  is  perforated  along  its 
length,  and  carries  at  each  end  short  cannulte,  c,c, 
which  are  tied  into  the  ends  of  a  divided  artery. 
The  whole  apparatus  is  first  filled  with  salt  solu- 
tion. The  stop-cocks  are  moved  simultaneously, 
as  they  are  attached  to  a  toothed  wdieel,  and  have 
at  first  the  position  given  in  fig.  125,  I,  so  that 
the  blood  simply  flows  through  the  passage  m  the 
basal  piece,  i.e.,  directly  from  one  end  of  the  artery 
to  the  other.  If  at  a  given  moment  the  stop-cock 
is  turned  in  the  direction  indicated  m  fig.  125, 11, 
the  blood  has  to  pass  through  the  glass  tube,  and 
the  time  it  takes  to  make  the  circuit  is  noted ; 
and  as  the  length  of  the  tube  is  known,  we  can 
easily  calculate  the  velocity  of  the  blood,  l  ie 
method  has  very  obvious  defects  arising  from  the 
narrowness  of  the  tube  ;  the  introduction  of  such 
a  tube  ©«"ers  new  resistance,  while  there  are  no 
respiratory  or  pulse-variations  observable  in  the 
stream  in  the  glass  tube. 


!Y 

Fig.  126. 

Ludwig  and  Dogiel's  rheo- 
meter.  X,  Y,  axis  of 
rotation ;  A,  B,  glass 
bulbs  ;  h,  Tc,  cannulfe 
inserted  in  the  divided 
artery  ;  e,  e^,  rotates  on 
g,  f;  c,  d,  tubes. 


Fig.  125. 

Volkmann's  hfemadromometer  (B).    I,  blood  flows  from  artery  to 

artery  ;  II,  blood  must  pass  through  the  glass  tube  of  B  ;  c,  c, 

cannulffi  for  the  divided  artery. 

Yolkmann  found  the  velocity  in  the  carotid  (dog)  =  205  to  357  mm.  [10-1 2  inches] ;: 
carotid  (horse)  =  306  ;  maxillary  (horse)  =  232  ;  metatarsal  =  56  mm.  per  second 

(2)  C  Ludwig  and  Dogiel  (1867)  devised  a  "stromuhr"  or  rheonieter  tor 
measuring  the  amount  of  blood  which  passed  through  an  artery  m  a  given  time 
(fig.  126). 
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It  consists  of  two  glass  bulbs,  A  and  B,  of  exactly  the  same  capacity.  These  bulbs  com- 
municate with  each  other  above,  their  lower  ends  being  fixed  by  means  of  the  tubes,  c  and  d, 
to  the  metal  disc,  e,  e^.  This  disc  rotates  round  the  axis,  X,  Y,  so  that,  after  a  complete 
revolution,  the  tube  c  communicates  with/,  and  d  with  g  ;  /and  g  are  provided  with  horizontally 
placed  cannulae,  h  and  k,  which  are  tied  into  the  ends  of  the  divided  artery.  The  cannula  h  is 
fixed  in  the  central  end,  and  k  in  the  peripheral  end  of  the  artery  {e.g.,  carotid)  ;  the  bulb.  A, 
is  filled  with  oil,  and  B  with  deflbrinated  blood ;  at  a  certain  moment  the  communication 
through  h  is  opened,  the  blood  flows  in,  driving  the  oil  before  it,  and  passes  into  B,  while  the 
deflbrinated  blood  flows  through  k  into  the  peri[)heral  part  of  the  artery.  As  soon  as  the  oil 
reaches  7ii — a  moment  which  is  instantly  noted,  or,  what  is  better,  inscribed  upon  a  revolving 
cylinder — the  bulbs.  A,  B,  are  rotated  upon  the  axis  X,  Y,  so  that  B  comes  to  occupy  the 
position  of  A.  The  same  experiment  is  repeated,  and  can  be  continued  for  a  long  time.  The 
quantity  of  blood  which  ])asses  in  the  unit  of  time  (1  sec.)  is  calculated  from  the  time  necessary 
to  fill  the  bulb  with  blood.    Important  results  are  obtained  by  means  of  this  instrument. 

[Suppose  the  capacity  of  the  bulb  to  be  500Q  cubic  millimetres,  and  that  it  was  filled  in 
10  sees.,  then  500  cubic  millimetres  are  discharged  in  1  sec.    The  velocity  (V)  =  quantity  or 

volume  of  blood,  (v)  divided  by  the  sectional  area  of  the  vessel  (s),  i.e.,  V  =  — therefore  the 


velocity  V  = 


500  cubic  millimetres 


159  mm.  per  second.    In  this  case  the  diameter  of  the  tube 


is  taken  as  2  mm.,  so  that  the  sectional  area  of  the  artery  is  equal  to  3'14  mm.  The  sectional 
area  is  calculated  from  the  diameter  of  the  circular  tube  by  the  following  formula  :  the 

sectional  area  s  =  ^4-      wlien  d  is  the  diameter  of  the  tube  ;  or  s  =  irr^,  where  Tr==3"14]6, 
4 

r  =  radius.    Or  the  sectional  area  [s]  is  equal  to  the  d"  x  0*7854,  i.e.,  4  x  0*7854  =  3 "1416.] 
[As  albumose  injected  into  the  blood  prevents  it  from  coagulating  ('log),  this  fact  has  been 

turned  to  account  in  using  the  rheometer.] 

(3)  Vierordt's  Hsematachometer  (1858)  consists  of  a  small  metal  box  (fig.  127,  I)  with  parallel 

glass  sides.    To  the  narrow  sides  of  the  box  are  fitted  an  inlet  e,  and  an  exit  cannula,  a.  In 


Vierordt's  hsem  a  tachometer.  A,  glass  ;  e,  entrance,  a,  exit  cannula  ;  p,  pendulum. 
II.  Dromograph.  A,  B,  tube  inserted  in  artery  ;  C,  lateral  tube  connected  with  a  mano- 
meter ;  h,  index  moving  in  a  caoutchouc  membrane,  a  ;  G,  handle.  III.  Curve  obtained 
by  dromograph. 

its  interior  is  suspended,  against  the  entrance  opening,  a  pendulum,  p,  whose  vibrations  may^be 
read  off"  on  a  curved  scale,  [This  instrument,  as  well  as  Volkmann's  apparatus,  has  only^an 
historical  intei  est.] 

(4)  Chauveau  and  Lortet's  Dromograph  (1860)  is  constructed  on  the  same  principle,  A  tube, 
A,  B  (fig.  127,  II.),  of  sufficient  diameter,  with  a  side  tube  fixed  to  it,  C,  which  can  be  placed  in 
connection  with  a  manometer,  is  introduced  into  the  carotid  artery  of  a  horse.    At  a  a  small  piece 
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is  cut  out  and  provided  with  a  covering  of  gutta-percha  which  has  a  small  hole  in  it  ;  through 


this  a  light  pendulum, 

L 


b,  with  a  long  index, 


Fig.  128. 

I.  Scheme  of  the  photohamatachometer 
Pitot's  tube. 


II. 


Fig.  C  shows  a  curve 


b,  projects  into  the  tube,  i.e.,  into  the  blood- 
current,  which  causes  the  pendulum  to  vibrate, 
and  the  extent  of  the  vibrations  can  be  read 
off  on  a  scale,  S,  S.  G  is  an  arrangement  to 
permit  the  instrum.ent  to  be  held.  Both 
this  and  the  former  instrument  are  tested 
beforehand  with  a  stream  of  water  sent 
through  them  with  varying  velocities. 

The  curve  of  the  velocity  may  be  written 
off  on  a  smoked  glass  plate,  moving  parallel 
with  the  index  b.  The  dromograph  curve, 
III,  shows  the  primary  elevation,  P,  and  the 
dicrotic  elevation  R. 

(5)  Cybulski's  Photohaematachometer. — 
When  fluid  flows  into  a  tube  (fig.  128,  II, 
de)  in  the  direction  of  the  arrow,  the  fluid 
stands  higher  in  the  manometer  p  than  in 
VI.  The  tube  my  indicates  the  lateral _  pres- 
sure, but  px  gives  this  phis  the  velocity  of 
the  fluid  (p.  103).  The  velocity  of  the 
current  may  be  estimated  from  the  difference 
in  the  level  in  the  two  tubes. 

Pitot's  tube  as  used  by  Cybulski  is  bent  at 
a  right  angle  (I,  cp),  the  end  c  being  in- 
serted and  tied  into  the  central,  and  p  into 
the  peripheral,  part  of  a  divided  artery.  As 
the  blood  flows  through  the  tube,  the  blood 
rises  higher  in  a  than  b. 

To  avoid  having  the  manometers  a  and  b 
too  long,  they  are  connected  with  each 
other  by  a  capillary  tube  filled  with  air  and 
provided  above  with  a  stop-cock  i.  The 
blood  is  allowed  to  rise  to  the  height  of  I 
and  2,  the  stop-cock  i  is  closed,  and  practi- 
cally an  air-manometer  is  made,  which  shows 
a  marked  difi'erence  in  the  level  of  the  blood 
of  the  two  tubes.  The  level  of  the  blood 
in  1  and  2  is  continually  changed  by  the 
movements  of  the  heart  and  those  of  respira- 
tion, and  these  variations  are  photographed 
by  means  of  a  camera  n  with  a  rapidly 
moving  plate,  K. 

the  carotid  of  a  dog.    The  velocity  of 
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and  at  3-^-3 


obtained  from 

the  current  at  1^-1  =  238  mm.,  in  the  phase  2^-2  =  225  mm 
mm.  The  velocity  is  greatest  at  the  end  of  inspiration  and  the  beginning  of  ex- 
piration. Asphyxia  increases  it  at  first.  Paralysis  of  the  sympathetic  increases  it, 
while  stimulation  of  this  nerve  diminishes  it.  Section  of  the  vagi  increases  the 
velocity,  while  their  stimulation  of  course  diminishes  it. 

90.  VELOCITY  OF  THE  BLOOD.— (1)  Division  of  Vessels.— Arteries.— 

In  estimating  the  velocity  of  the  blood,  it  is  important  to  remember  that  the 
sectional  area  of  all  the  branches  of  the  aorta  becomes  greater  as  we  proceed  from 
the  aorta  towards  the  capillaries,  so  that  the  capillary  area  is  700  times  greater 
than  the  sectional  area  of  the  aorta.  As  the  veins  join  and  form  larger  trunks, 
the  venous  area  gradually  becomes  smaller,  but  the  sectional  area  of  the  venous 
orifices  at  the  heart  is  greater  than  that  of  the  corresponding  arterial  orifices.  [We 
may  represent  the  result  as  two  cones  placed  base  to  base  (fig.  129),  the  bases 
meeting  in  the  capillary  area.  The  sectional  area  of  the  venous  orifice  (Y)  is  repre- 
sented larger  than  that  of  the  arterial  (  A).  The  increased  sectional  area  influences 
the  velocity  of  the  blood-current,  while  the  resistance  afi'ects  the  pressure.] 

(2)  Sectional  Area.— equal  quantity  of  Mood  must  pass  through  every  section 
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of  the  circulatory  system,  through  the  pulmonic  as  well  as  through  the  systemic 
circulation,  so  that  the  same  amount  of  blood  must  pass  through  the  pulmonary 
artery  and  aorta,  notwithstanding  the  very  unequal  blood-pressure  in  these  two 
vessels. 

(3)  Lumen  or  Sectional  Area. — The  velocity  of  the  current,  therefore,  in 
various  sections  of  the  vessels,  must  be  inversely  as  their  sectional  area. 

(4)  Capillaries. — Hence  the  velocity  must  diminish  very  considerably  as  we 
pass  from  the  root  of  the  aorta  and  the  pul- 
monary artery  towards  the  capillaries,  so  that 
the  velocity  in  the  capillaries  of  mammals 
=  0*8  millimetre  per  sec.  ;  frog  =  0*53;  man 
=  0*6  to  0*9  mm.  [average  2  inches  per  minute]. 
According  to  A.  W.  Yolkmann,  the  blood  in 
mammalian  capillaries  flows  500  times  slower 
than  the  blood  in  the  aorta,  so  that  the  total 
sectional  area  of  all  the  capillaries  must  be 
500  times  greater  than  that  of  the  aorta, 
Donders  found  the  velocity  of  the  stream  in 
the  small  afferent  arteries  to  be  10  times  faster 
than  in  the  capillaries. 

Veins. — The  current  becomes  accelerated 
in  the  veins,  but  in  the  larger  trunks  it  is 
0*5  to  0  75  times  less  than  in  the  correspond- 
ing arteries. 

(5)  Mean  Blood-Pressure. — The  velocity 
of  the  blood  does  not  depend  upon  the  mean  blood-pressure,  so  that  it  may  be 
the  same  in  congested  and  in  anaemic  parts. 

(6)  Difference  of  Pressure. — On  the  other  hand,  the  velocity  in  any  section  of 
a  vessel  is  dependent  on  the  difference  of  the  pressure  which  exists  at  the  com- 
mencement and  at  the  end  of  that  particular  section  of  a  blood-vessel ;  it  depends, 
therefore,  on  (1)  the  vis  a  tergo  {i.e.,  the  action  of  the  heart),  and  (2)  on  the  amount 
of  the  resistance  at  the  periphery  (dilatation  or  contraction  of  the  small  vessels). 

Corresponding  to  the  smaller  difference  in  the  arterial  and  venous  pressure  in  the  foetus  (§  85), 
the  velocity  of  the  blood  is  less  in  this  case  {Cohnstein  and  Zuntz). 

(7)  Pulsatory  Acceleration. — With  every  pulse-beat  a  corresponding  acceleration 
of  the  blood-current  (as  well  as  of  the  blood-pressure)  takes  place  in  the  arteries 
(pp.  144,  151).  In  large  vessels  Vierordt  found  the  increase  of  the  velocity  during 
the  systole  to  be  greater  by  ^  to  ^  than  the  velocity  during  the  diastole.  The 
variations  in  the  velocity  caused  by  the  heart-beat  are  recorded  in  fig.  127,  III, 
obtained  by  Chauveau's  dromograph  from  the  carotid  of  a  horse.  The  velocity 
curve  corresponds  with  a  sphygmogram — P  represents  the  primary  elevation  and 
R  the  dicrotic  wave.  This  acceleration,  as  well  as  the  pulse,  disappears  in  the 
capillaries.  A  pulsatory  acceleration,  more  rapid  during  its  first  phase,  is  observable 
in  the  small  arteries,  although  the  arteries  themselves  are  not  distended  thereby. 

(8)  Respiratory  Effect. — Every  inspiration  retards  the  velocity  in  the  arteries, 
every  expiration  aids  it  somewhat ;  but  the  value  of  these  agencies  is  very  small. 

If  we  compare  what  has  already  been  said  regarding  the  effect  of  the  respiration  on  the  con- 
traction and  dilatation  of  the  heart  and  on  the  blood-stream  (§  60),  it  is  clear  that  respiration 
favours  the  blood-stream,,  and  so  does  artificial  respiration.  When  artificial  respiration  is  inter- 
rupted, tlie  blood-stream  becomes  slower  {Dogiel).  If  the  suspension  of  respiration  lasts  some- 
what longer,  the  current  is  again  accelerated  on  account  of  the  dyspnoeic  stimulation  of  the 
vaso-motor  centre  {Heidenliain)  (§  371,  I.). 

(9)  Modifying  Conditions. — Many  circumstances  affect  the  velocity  of  the  blood 
in  the  veins.    There  are  regular  variations  in  the  large  veins  near  the  heart 


Fig.  129. 

Scheme  of  the  sectional  area.  A,  arterial, 
and  V,  venous  orifice.  The  common 
iliaes  are  an  exception  ;  the  sum  of 
their  sectional  areas  is  less  than  that  of 
the  aorta  ;  the  sections  of  the  four  pul- 
monary veins  are  together  less  than 
that  of  the  pulmonary  artery. 
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due  to  the  respiration  and  the  movements  of  the  heart  (§§  50  and  60).  (2)  Irregular 
variations  due  to  pressure,  e.g.,  from  contracting  muscles  (§  87),  friction  on  the 
skin  in  the  direction  or  against  the  direction  of  the  venous  current;  the  2^osition 
of  a  limb  or  of  the  body.  The  pump-like  action  of  the  veins  of  the  groin  on 
moving  the  leg  has  been  referred  to  (§  87).  When  the  lower  limb  is  extended  and 
rotated  outwards,  the  femoral  vein  in  the  iliac  fossa  collapses,  owing  to  an  internal 
negative  pressure  ;  when  the  thigh  is  flexed  and  raised,  it  fills  under  a  positive 
pressure  (Braune).    A  similar  condition  obtains  in  walking. 

91.  CAPACITY  OF  THE  VENTRICLES. — Vierordt  calculated  the  capacity  of  the  left 
ventricle  from  the  velocity  of  the  blood-stream,  and  the  amount  of  blood  discharged  per  second 
by  the  right  carotid,  right  subclavian,  the  two  coronary  arteries,  and  the  aorta  below  the  origin 
of  the  innominate  artery.  He  estimated  that  with  every  systole  of  the  heart,  172  cubic  centi- 
metres (equal  to  180  grams)  of  blood  were  discharged  into  the  aorta  ;  this,  therefore,  must  be 
the  capacity  of  the  left  ventricle  (compare  §  83). 

92.  THE  DURATION  OF  THE  CIRCULATION.— The  time  required  by  the 
blood  to  make  a  complete  circuit  through  the  course  of  the  circulation  was  first  de- 
termined by  Hering  (1829)  in  the  horse.  He  injected  a  2  per  cent,  solution  of  potas- 
sium ferrocyanide  into  a  special  vein,  and  ascertained  (by  means  of  ferric  chloride) 
when  this  substance  appeared  in  the  blood  taken  from  the  corresponding  vein  on 
the  opposite  side  of  the  body.  The  ferrocyanide  may  also  be  injected  into  the 
central  or  cardiac  end  of  the  jugular  vein,  and  the  time  noted  at  which  its  presence 
is  detected  in  the  blood  of  the  peripheral  end  of  the  same  vein.  Vierordt  (1858) 
improved  this  method  by  placing  under  the  corresponding  vein  of  the  opposite  side 
a  rotating  disc,  on  which  was  fixed  a  number  of  cups  at  regular  intervals.  The 
first  appearance  of  the  potassuim  ferrocyanide  is  detected  by  adding  ferric  chloride 
to  the  serum  which  separates  from  the  samples  of  blood  after  they  have  stood  for 
a  time.    The  duration  of  the  circulation  is  as  follows  : — 

Horse,  .  .  31-5  seconds.  Hedgehog,  .  7-61  seconds.  Duck,.  .  10'64  seconds. 
Dog       .       .    16-7  Cat,     .       .    6-69      ,,  Buzzard,      .  6-73 

Rabbit,  .       .      7-79    „  Goose,         .  10-86      „  Fowl,  .       .      5-17  „ 

Results. — When  these  numbers  are  compared  with  the  frequency  of  the  normal 
pulse-beat  in  the  corresponding  animals,  the  following  deductions  are  obtained  : — 

(1)  The  mean  time  required  for  the  circulation  is  accomplished  during  27  heart- 
beats, i.e.,  for  man  =  32-2  seconds,  supposing  the  heart  to  beat  72  times  per 
minute. 

(2)  Generally,  the  mean  time  for  the  circulation  in  two  warm-blooded  animals 
is  inversely  as  the  frequency  of  the  pulse-beats. 

Modifying  Conditions. — The  time  is  influenced  by  the  following  factors  : — 

1.  Long  vascular  channels  {e.g.,  from  the  metatarsal  vein  of  one  foot  to  the  other  foot)  re- 
quire a  longer  time  than  short  channels  (as  between  the  jugulars).  The  difference  may  be  equal 
to  10  per  cent,  of  the  time  required  to  complete  the  entire  circuit. 

2.  In  young  animals  (with  shorter  vascular  channels  and  higher  pulse-rate)  the  time  is 
shorter  than  in  old  aifimals. 

3.  Eapid.  and  energetic  cardiac  contractions  (as  during  muscular  exercise)  diminish  the  time. 
Hence  rapid  and  at  the  same  time  less  energetic  contractions  (as  after  section  of  both  vagi),  and 
slow  but  vigorous  systoles  {e.g.,  after  slight  stimulation  of  the  vagus)  have  no  effect. 

C.  Vierordt  estimated  the  quantity  of  blood  in  a  man  in  the  following  manner  :— In  all 
warm-blooded  animals,  27  systoles  correspond  to  the  time  for  completing  the  circulation. 
Hence,  the  total  mass  of  the  blood  must  be  equal  to  27  times  the  capacity  of  the  ventricle,  i.e., 
in  man,  187 -5  grms.  x  27  =  5062 -5  grms.  This  is  equal  to  yV  of  the  body-weight  in  a  person 
weighing  65*8  kilos,  (compare  §  40). 

It  is  not  to  be  forgotten  that  the  salt  used  is  to  some  extent  poisonous,  but  Hermann  uses  the 
corresponding  innocuous  soda  salt  (25  per  cent.). 

Pathological. — The  duration  of  the  circulation  seems  to  be  increased  during  septic  fever 
{E.  Wolff). 

93.  WORK  OF  THE  HEART.— The  left  ventricle  expels  0-188  kilo,  of  blood 
with  each  systole,  and  in  doing  so  it  overcomes  the  pressure  in  the  aorta,  which  is 
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equal  to  a  column  of  blood  3-21  metres  in  height.  [The  amomit  of  blood  expelled 
from  each  ventricle  during  the  systole  is  about  188  grms.  (6  oz.).  It  is  forced  out 
against  a  pressure  of  250  mm.  Hg.  =  3-21  metres  of  blood.]  The  work  of  the  heart 
at  each  systole  is  0'188  x  3'21  =  0-604  kilogram-metre.  If  the  number  of  beats 
=  75  per  minute,  then  the  work  of  the  left  ventricle  in  24  hours  =  (0-604  x 
75  X  60  X  24)  =  65,230  kilogram-metres;  while  the  "work"  done  by  the  rigid 
ventricle  is  about  one-third  that  of  the  left,  and  therefore  =  21,740  kilogram- 
metres.  Both  ventricles  do  work  equal  to  86,970  kilogram-metres.  A  work- 
man during  eight  hours  produces  300,000  kilogram-metres,  i.e.,  about  four  times 
as  much  as  the  heart.  As  the  whole  of  the  work  of  the  heart  is  consumed  in  over- 
coming the  resistance  within  the  circulation,  or  rather  is  converted  into  heat, 
the  body  must  be  partly  warmed  thereby— (425-5  gram-metres  _  are  equal  to  1 
heat-unit,  i.e.,  the  force  required  to  raise  425*5  grams  to  the  height  of  1  metre 
may  be  made  to  raise  the  temperature  of  1  cubic  centimetre  of  water  1°  C).  So 
that  204,000  "heat-units"  are  obtained  from  the  transformation  of  the  daily 
kinetic  energy  of  the  heart. 

One  gram  of  coal  when  burned  yields  8080  heat-units,  so  that  the  heart  yields 
as  much  energy  per  day  for  heating  the  body  as  if  about  25  grams  of  coal  were 
burned  within  it  to  produce  heat. 

94.  BLOOD-CURRENT  IN  THE  SMALLER  VESSELS.— Methods.— The 

most  important  observations  for  this  purpose  are  made  by  means  of  the  microscope 
on  transparent  parts  of  living  animals.  Malpighi  was  the  first  to  observe  the  cir- 
culation in  this  way  in  the  lung  of  a  frog  (1661). 

The  following  parts  have  been  employed  :  The  tails  of  tadpoles  and  small  fishes  ;  the  web, 
tongue,  mesentery,  and  lungs  of  curarised  fro^^s  ;  the  wing  of  the  bat  ;  the  third  eyelid  of  the 
pitreon  or  fowl  ;  the  mesentery;  the  vessels  of  the  hver  of  frogs  and  newts,  pia  mater  ot  rabbits, 
the  skin  on  the  belly  of  the  frog,  the  mucous  membrane  of  the  inner  surface  of  the  human  hp 
[Hüters  Cheilangioscope,  1879)  ;  the  conjunctiva  of  the  eyeball  and  eyehds.  All  these  may  be 
examined  by  reflected  light.  .         ,  ,    •  a  +  j 

[Holmgren's  Method.— In  studying  the  circulation  in  the  frogs  lung,  it  must  be  mttatea. 
A  cannula  with  a  bulge  on  its  free  end  is  placed  in  the  larynx,  while  to  the  other  end  is  fixed  a 
piece  of  caoutchouc  tubing.  The  lung  is  inflated  and  then  the  caoutchouc  tube  is  closed,  alter 
which  the  lung  is  placed  in  a  chamber  with  glass  above  and  below,  and  examined  microscopically.] 

[Entoptical  appearances  of  the  circulation  {Purkinje,  1815).  Under  certain  conditions  a 
person  may  detect  the  movement  of  the  blood-corpuscles  within  the  blood-vessels  of  his  own 
eye.  The  best  method  is  that  of  Rood,  viz.,  to  look  at  the  sky  through  a  dark  blue  glass,  or 
through  several  pieces  of  cobalt  glass  placed  over  each  other  {Helmholtz).] 

Form  and  Arrangement  of  Capillaries.— Eegai ding  the  form  and  arrangement  of  the  capil- 
aries,  we  find  that — 

1.  The  diameter  which,  in  the  finest,  permits  only  the  passage  of  single  corpuscles  m  a  row- 
one  behind  the  other— mav  vary  from  5  to  20  ^,  so  that  two  or  more  corpuscles  may  move 
abreast  when  the  capillary  "is  at  its  widest.  [The  capillaries  are  relatively  wide  in  the  lungs, 
and  narrow  in  the  brain,  retina,  and  liver.] 

2.  The  length  is  about  0-5  mm.    They  terminate  in  small  veins.  ^ 

3.  The  number  is  very  variable,  and  the  capillaries  are  most  numerous  in  those  tissues  where 
the  metabohsni  is  most  active,  as  in  the  lungs,  hver,  muscles— less  numerous  where  the  meta- 
bolism is  slight,  as  in  the  sclerotic  and  in  the  nerve-trunks.  [Many  tissues  are  devoid  of  blood- 
vessels, e.g.,  the  cornea,  nails,  hairs.] 

4.  They  form  numerous  anastomoses,  and  give  rise  to  networks,  Avhose  form  and  arrangement 
are  largely  determined  by  the  arrangement  of  the  tissue  elements  themselves.  They  form 
simple  loops  in  the  skin,  and  polygonal  networks  in  the  serous  membranes,  and  on  the  surface 
of  many  gland  tubes  ;  they  occur  in  the  form  of  elongated  networks,  with  short  connecting 
branches  in  muscle  and  nerve,  as  well  as  between  the  straight  tubules  of  the  kidney;  they  con- 
verge radially  towards  a  central  point  in  the  lobules  of  the  liver,  and  form  arches  in  the  free 
margins  of  the  iris,  and  on  the  limit  of  the  sclerotic  and  cornea. 

[Direct  Termination  of  Arteries  in  Veins. — Arteries  sometimes  terminate  directly  in  veins, 
without  the  intervention  of  capillaries,  e.g.,  in  the  ear  of  the  rabbit,  in  the  terminal  phalanges 
of  the  fingers  and  toes  in  man  and  some  animals,  in  the  cavernous  tissue  of  the  penis.  They 
may  be  regarded  as  secondary  channels  which  protect  the  circulation  of  adjacent  parts,  and  they 
may  also  be  related  to  the  heat-regulating  mechanisms  of  peripheral  parts  {Hoyer).] 


156 


THE  CAPILLARY  CIRCULATION. 


[Sec.  94. 


In  connection  with  the  termination  of  arteries  in  capillaries,  it  is  important  to  ascertain  if  the 
arterioles  are  terminal  arteries,  i.e.,  if  they  do  not  form  any  further  anastomoses  with  other 
similar  arterioles,  but  terminate  directly  in  capillaries,  and  thus  only  communicate  by  capillaries 
with  neighbouring  arterioles — or  the  aiteries  may  anastomose  with  other  arteries  just  before 
they  break  up  into  capillaries.  This  distinction  is  important  in  connection  with  the  nutrition 
of  ])arts  supplied  by  such  arteries  {Cohnheim). 

Capillary  Circulation. — On  observing  the  capillary  circulation,  we  notice  that 
the  red  corpuscles  move  only  in  the  axis  of  the  current  (axial  current),  while  the 
lateral  transparent  plasma-current  flowing  on  each  side  of  this  central  thread  is 
free  from  these  corpuscles.  [The  axial  current  is  the  more  rapid.]  This  plasma 
layer  or  "  Poiseuille's  space  "  is  seen  in  the  smallest  arteries  and  veins,  where  f  are 
taken  up  with  the  axial  current,  and  the  plasma  layer  occupies  \  on  each  side  of  it 
(fig.  130).  A  great  many,  but  not  all,  of  the  colourless  corpuscles  move  in  this 
layer.  It  is  much  less  distinct  in  the  capillaries.  Rud.  Wagner  stated  that  it  is 
absent  in  the  finest  vessels  of  the  lung  and  gills  [although  Gunning  was  unable  to 
confirm  this  statement].  The  coloured  corpuscles  move  in  the  smallest  capillaries 
in  sinffle  file  one  after  the  other ;  in  the  larger  vessels,  several  corpuscles  may 
move  abreast,  with  a  gliding  motion,  and  in  their  course  they  may  turn  over  and 
even  be  twisted  if  any  obstruction  is  offered  to  the  blood-stream.  As  a  general 
rule,  in  these  vessels  the  movement  is  uniform,  but  at  a  sharp  bend  of  the  vessel  it 
may  partly  be  retarded  and  jDartly  accelerated.  Where  a  vessel  divides,  not 
unfrequently  a  corpuscle  remains  upon  the  projecting  angle  of  the  division,  and  is 
doubled  over  it  so  that  its  ends  project  into  the  two  branches  of  the  tube.  There  it 
may  remain  for  a  time,  until  it  is  dislodged,  when  it  soon  regains  its  original  form  on 
account  of  its  elasticity,  is'ot  unfrequently  we  see  a  red  corpuscle  becoming  bent 
where  two  vessels  meet,  but  on  all  occasions  it  rapidly  regains  its  original  form. 
This  is  a  good  proof  of  the  elasticity  of  the  coloured  corpuscles.  The  motion 
of  the  colourless  corpuscles  is  quite  difierent  in  character;  they  roll  directly 
on  the  vascular  tvall,  moistened  on  their  peripheral  zone  by  the  plasma  in 
Poiseuille's  space,  their  other  surface  being  in  contact  with  the  thread  of  coloured 
corpuscles  in  the  centre  of  the  stream.  Schklarewsky  (1868)  has  shown  by 
physical  experiments  that  the  particles  of  least  specific  gravity  in  all  capillaries 
(e.g.,  of  glass)  are  pressed  toward  the  wall,  while  those  of  greater  specific  gravity 
remain  in  the  middle  of  the  stream.  [Graphite  and  particles  of  carmine  were  sus- 
pended in  water,  and  caused  to  circulate  through  capillary  tubes  placed  under  a 
microscope,  when  the  graphite  kept  the  centre  of  the  stream,  and  the  carmine 
moved  in  the  layer  next  the  wall  of  the  tube.] 

When  the  colourless  corpuscles  reach  the  wall  of  the  vessel,  they  must  roll  along, 
partly  on  account  of  their  surface  being  sticks/,  whereby  they  readily  adhere  to  the 
vessel,  and  partly  because  one  surface  is  directed  towards  the  axis  of  the  vessel 
where  the  movement  is  most  rapid,  and  where  they  receive  impulses  directly  from 
the  rapidly  moving  coloured  blood-corpuscles  (Donders).  The  rolling  motion  is  not 
always  uniform ;  not  unfrequently  it  is  retrograde  in  direction,  which  seems  to  be 
due  to  an  irregular  adherence  to  the  vascular  wall.  Their  slower  movement  (10  to 
12  times  slower  than  the  red  corpuscles)  is  partly  due  to  their  stickiness,  and  partly 
to  the  fact  that,  as  they  are  placed  near  the  wall,  a  large  part  of  their  surface  lies  in 
the  peripheral  threads  of  the  fluid,  which  of  course  move  more  slowly  (in  fact,  the 
layer  of  fluid  next  the  wall  is  passive — p.  104). 

[D.  J.  Hamilton  finds  that  when  a  frog's  web  is  examined  in  a  vertical  position,  by  far  the 
greater  proportion  of  leucocytes  float  on  the  upjjer  surface,  and  only  a  few  on  the  lower  surface, 
of  a  small  blood-vessel.  In  experiments  to  determine  why  the  coloured  corpuscles  float  or  glide 
exclusively  in  the  axial  stream,  while  a  great  many,  but  not  all,  of  the  leucocytes  roll  in  the 
periplieral  layers,  Hamilton  ascertained  that  the  nearer  the  suspended  body  approaches  to  the 
specific  gravity  of  the  liquid  in  which  it  is  immersed,  the  more  it  tends  to  occupy  the  centre  of 
the  stream.  He  is  of  opinion  that  the  phenomenon  of  the  separation  of  the  blood-corpuscles  in 
the  circulating  fluid  is  due  to  the  colourless  corpuscles  being  specifically  lighter,  and  the  coloured 
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either  of  the  same  or  of  very  slightly  greater  specific  gravity  than  the  blood -plasm a.  Hamilton 
controverts  the  statement  of  Schklarewsky,  and  he  finds  that  it  is  the  relative  specific  gravity 
of  a  body  which  ultimately  determines  its  position  in  a  tube.  These  experiments  point  to  the 
immense  importance  of  a  due  relation  subsisting  between  the  specific  gravity  of  the  blood-plasma 
and  that  of  the  corpuscles.] 

In  the  vessels  fiist  formed  in  the  incubated  egg,  as  well  as  in  young  tadpoles,  the  movement 
of  the  blood  from  the  heart  occurs  in  jerks  {SpaUanzani,  1768). 

The  velocity  of  the  blood-stream  is  influenced  by  the  diameter  of  the  vessels,  which 
undergo  periodic  changes  of  calibre.  This  change  occurs  not  only  in  vessels  pro- 
vided with  muscular  fibres,  but  also  in  the  capillaries,  which  vary  in  diameter, 
owing  to  the  contraction  of  the  cells  composing  their  walls  (p.  110). 

The  amount  of  tcater  in  the  blood  is  of  importance ;  when  it  is  increased,  the 
circulation  is  facilitated  and  accelerated  (§  62). 

The  velocity  of  the  blood  is  greater  in  the  pulmonary  than  in  the  systemic 
capillaries ;  so  that  the  total  sectional  area  of  the  pulmonary  capillaries  is  less  than 
that  of  all  the  systemic  capillaries. 

95.  DIAPEDESIS. — If  the  circulation  be  studied  in  the  vessels  of  the  mesentery,  we  may 
observe  colourless  corpuscles  passing  out  of  the  vessels  in  greater  or  less  numbers  (fig.  130). 
Mere  contact  with  the  air  suffices  to  excite  slight  inflammation.  At  first  the  colourless  cor- 
puscles in  the  plasma-space  move  more  slowly  ;  several  accumulate  near  each  other,  and  adhere 
to  the  walls  ; — soon  they  bore  into  the  wall, 
ultimately  they  pass  quite  through  it,  and  may 
wander  for  a  distance  into  the  perivascular  tis- 
sues. It  is  doubtful  whether  they  pass  through 
the  so-called  "stomata"  which  exist  between 
the  endothelial  cells,orwhether  they  simply  pass 
through  the  cement  substance  between  the  en- 
dothelial cells  (p.  ]08).  This  process  is  called 
diapedesis,  and  consists  of  several  acts  : — {a) 
The  adhesion  of  colourless  corpuscles  to  the  inner 
surface  of  the  vessel  (after  moving  more  slowly 
along  the  wall  up  to  this  point).  (&)  They  send 
processes  into  and  through  the  vascular  wall, 
(c)  The  body  of  the  cell  is  drawn  after  or  follows 
the  processes,  whereby  the  corpuscle  appears 
constricted  in  the  centre  (tig.  130,  c).  (d)  The 
complete  passage  of  the  corpuscle  through  the 
wall,  and  its  farther  motion  in  virtue  of  its  own 
amceboid  movements.  Hering  observed  that  in 
large  vessels  with  perivascular  lymph-spaces,  the 
corpuscles  passed  into  the  spaces,  hence  cells 
are  found  in  lymph  before  it  has  passed  through 
lymphatic  glands.  The  cause  of  the  diapedesis 
is  partly  due  to  the  independent  locomotion  of 
the  corpuscles,  and  it  is  partly  a  physical  act,  viz.,  a  filtration  of  the  colloid  mass  of  the  cell 
under  the  force  of  the  blood-pressure  {Hering)— in  the  latter  respect  depending  upon  the  intra- 
vascular pressure  and  the  velocity  of  the  blood-stream.  Hering  regards  this  process,  and  even 
the  passage  of  the  coloured  corpuscles  through  the  vascular  wall,  as  a  normal  process.  The  red 
corpuscles  pass  out  of  the  vessels  when  the  venous  outflow  is  obstructed,  which  also  causes  the 
transudation  of  plasma  through  the  vascular  wall.  The  plasma  carries  the  coloured  corpuscles 
along  with  it,  and  at  the  moment  of  their  passage  through  the  wall  they  assume  extraordinary 
shapes,  owing  to  the  tension  put  upon  them,  regaining  their  shape  as  soon  as  they  pass  out 
{Cohnheim).  This  remarkable  phenomenon  was  described  by  Waller  in  1846.  It  was  redescribed 
by  Cohnheim,  and  according  to  him  the  out-wandering  is  a  sign  of  inflammation,  and  the 
colourless  corpuscles  which  accumulate  in  the  tissues  are  to  be  regarded  as  true  pus-corpuscles, 
which  may  undergo  further  increase  by  division. 

Inflammation  and  Stasis. — When  a  strong  stimulus  acts  on  a  vascular  part,  hypersemic  redness 
and  swelling  occur.  Microscopic  observation  shows  that  the  capillaries  and  the  small  vessels 
are  dilated  and  overfilled  with  blood-corpuscles  ;  in  some  cases,  a  temporary  narrowing  precedes 
the  dilatation  ;  simultaneously  the  velocity  of  the  stream  changes,  rarely  there  is  a  temporary 
acceleration,  more  frequently  it  becomes  slower.  If  the  action  of  the  stimulus  or  irritant  be  con- 
tinued, the  retardation  becomes  considerable,  the  stream  moves  in  jerks,  then  follows  a  to-and- 
fro  movement  of  the  blood-column — a  sign  that  stagnation  has  taken  place  in  other  vascular 
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Small  vessel  of  a  frog's  mesentery  showing 
diapedesis.  w,  w,  vascular  walls ;  a,  a, 
Poiseuille's  space  ;  r,  r,  red  corpuscles  ;  I,  I, 
colourless  corpuscles  adhering  to  the  wall, 
and  c,  c,  in  various  stages  of  extrusion  ;  /,  /, 
extruded  corpuscles. 
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areas.  At  last  the  blood-stream  comes  completely  to  a  standstill — stasis— and  the  blood-vessels 
are  plugged  with  blood-corpuscles.  Numerous  colourless  blood-corpuscles  are  found  in  the 
stationary  blood.  Whilst  these  various  processes  are  taking  place,  the  colourless  corpuscles- 
more  rarely  the  red — pass  out  of  the  vessels.  Under  favourable  circumstances  the  stasis  may 
disappear.  The  swelling  which  occiu's  in  the  neighbourhood  of  inflamed  parts  is  chiefly  due  to 
the  exudation  of  plasma  into  the  surrounding  tissues. 

96.  MOVEMENT  OF  THE  BLOOD  IN  THE  VEINS.— In  the  smallest 
veins  coming  from  tlie  capillaries  the  blood-stream  is  more  rapid  than  in  the 
capillaries  themselves,  but  less  so  than  in  the  corresponding  arteries.  The  stream 
is  uniform,  and  if  no  other  conditions  interfered  with  it,  the  venous  stream 
towards  the  heart  ought  to  be  uniform,  but  many  circumstances  affect  the  stream 
in  dilferent  parts  of  its  course.  Amongst  these  are: — (1)  The  relative  laxness, 
o-reat  distensibility,  and  the  ready  compressibility  of  the  walls,  even  of  the  thickest 
veins.  (2)  The  incomplete  filling  of  the  veins,  which  does  not  amount  to  any  con- 
siderable distention  of  their  walls.  (3)  The  numerous  and  free  anastomoses  between 
adjoining  veins,  not  only  between  veins  lying  in  the  same  plane,  but  also  between 
superficial  and  deep  veins.  Hence,  if  the  course  of  the  blood  be  obstructed  in  one 
direction,  it  readily  finds  another  outlet.  (4)  The  presence  of  numerous  valves 
which  permit  the  blood-stream  to  move  only  in  a  centripetal  direction.  They  are 
absent  from  the  smallest  veins,  and  are  most  numerous  in  those  of  middle  size. 

Position  of  Valves. — The  venous  valves  always  have  two  pouches,  and  are  placed  at  definite 
intervals,  which  correspond  to  the  1,  2,  3,  or  nt^  power  of  a  certain  "fundamental  distance," 
which  is  =  7  mm.  for  the  lower  extremity  and  5 '5  mm.  for  the  upper.  Many  of  the  original 
valves  disappear.  On  the  proximal  side  of  every  valve  a  lateral  branch  opens  into  the  vein, 
while  on  the  distal  side  of  each  branch  lies  a  valve.  The  same  is  true  for  the  lymphatics 
{K.  Barclclehcn). 

ElFect  of  Pressure. — As  soon  as  pressure  is  applied  to  the  veins,  the  next  lowest 
valves  close,  and  those  immediately  above  the  seat  of  pressure  open  and  allow  the 
blood  to  move  freely  toward  the  heart.  The  pressure  may  be  exerted  from 
ivitliout,  as  by  anything  placed  against  the  body  ;  the  thickened  contracted  muscles, 
especially  the  muscles  of  the  limbs,  compress  the  veins.  That  the  blood  flows  out 
of  a  divided  vein  more  rapidly  when  the  muscles  contract  is  shown  during  vene- 
section. If  the  muscles  are  kept  contracted,  the  venous  blood  passing  out  of  the 
muscles  collects  in  the  passive  parts,  e.g.,  in  the  cutaneous  veins.  The  pulsatile 
pressure  of  the  arteries  accompanying  the  veins  favours  the  venous  current.  From 
a  hydrostatic  point  of  view  the  valves  are  of  considerable  importance,  as  they  serve 
to  divide  the  column  of  blood  into  segments  {e.g.,  in  the  crural  vein  in  the  erect 
attitude),  so  that  the  fine  blood-vessels  in  the  foot  are  not  subjected  to  the  whole 
amount  of  the  hydrostatic  pressure  in  the  veins. 

The  velocity  of  the  venous  blood  has  been  measured  directly  (with  the  hsemadromometer  and 
the  rheometer— §  89).  Volkmann  found  it  to  be  225  mm.  per  sec.  in  the  jugular  vein._  Reil 
observed  that  2^  times  more  blood  flowed  from  an  arterial  orifice  than  from  a  venous  orifice  of 
the  same  size.  The  velocity  of  the  venous  current  obviously  depends  upon  the  sectional  area  of 
the  vessel.  Borelli  estimated  the  capacity  of  the  venous  system  to  be  4  times  greater  than  that 
of  the  arterial ;  while,  according  to  Haller,  the  ratio  is  9  to  4. 

Large  Veins.  As  we  proceed  from  the  small  veins  towards  the  venae  cavse,  the 

.sectional  area  of  the  veins,  taken  as  a  whole,  becomes  less,  so  that  the  velocity  of 
the  current  increases  in  the  same  ratio.  The  velocity  of  the  current  in  the  venae 
cavae  may  be  about  half  of  that  in  the  aorta  {Haller).  As  the  pulmoiiary_  veins 
are  narrower  than  the  pulmonary  artery,  the  blood  moves  more  rapidly  m  the 
former, 

97  SOUNDS  WITHIN  AETERIES. — The  sounds  produced  within  arteries  are,  speaking 
from' a  physical  point  of  view,  only  noises  or  bruits.    Still,  following  Skoda's  lead,  they  are 
spoken  of  by  physicians  as  ' '  tones. "    Clinically,  there  is  no  sharp  distmction  between  tones, 
sounds,  noises,  or  bruits.    In  four-fifths  of  all  healthy  men  two  sounds-corresponding  in  duc- 
tion and  other  characters  to  the  two  heart-sounds— are  heard  m  the  carotid  [Conrad,  W eiL). 
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Sometimes  only  the  second  lieart-sound  is  distinguishable,  as  its  place  of  origin  is  near  to  the 
carotid.  They  are  not  true  arterial  sounds,  but  are  simply  "propagated  heart-sounds." 
Sometimes  the  sound  of  the  pulmonary  artery  can  be  heard  in  this  way  {IVeil,  Bcttclhcim). 
These  murmurs,  sounds,  or  bruits  occur  either  sjwntaneoiisly ,  or  are  produced  by  the  a2)]>Ucation 
of  external  2Jressitre,  whereby  the  lumen  of  the  vessel  is  diminished.  Hence  one  distinguishes  : 
(1)  Spontaneous  Murmurs,  and  (2)  Pressure  Murmurs. 

Arterial  Sounds  or  murmurs  are  readily  produced  by  pressing  upon  a  strong- 
artery,  e.f/.,  the  crural  in  the  inguinal  region,  so  as  to  leave  only  a  narrow  passage 
for  the  blood  ("stenosal  murmur").  A  fine  blood-stream  passes  with  great 
rapidity  and  force  through  this  narrow  part  into  a  wider  portion  of  the  artery 
lying  behind  the  point  of  compression.  Thus  arises  the  "pressure-stream" 
{P.  JViemeyer),  or  the  "fluid  vein"  ("veine  fluide"  of  Chauveau).  The  particles 
of  the  fluid  are  thrown  into  rapid  oscillation,  and  undergo  vihmtory  movements, 
and  by  their  movements  produce  the  sound  within  the  peripheral  dilated  portion 
of  the  tube.  A  sound  is  produced  in  the  fluid  by  pressure  {Corrigan).  The 
sounds  are  not  caused  by  vibrations  of  the  vascular  wall,  as  supposed  by 
Bouillaud. 

A  murmur  of  this  sort  is  the  "sub-clavicular  murmur"  (jRoser),  occasionally  heard  during 
systole  in  the  subclavian  artery  ;  it  occurs  when  the  two  layers  of  the  pleura  adhere  to  the  apex 
of  the  lung  (especially  in  tubercular  diseases  of  the  lungs),  whereby  the  subclavian  artery 
undergoes  a  local  constriction  due  to  its  being  made  tense  and  slightly  curved  {Friedreich). 
This  result  is  indicated  in  a  diminution  or  absence  of  the  pulse-wave  in  the  radial  artery  (  Weil). 

It  is  obvious  that  arterial  murmurs  will  occur  in  the  human  body  : — (a)  When,  owing  to 
pathological  conditions,  the  arterial  tube  is  dilated  at  one  imrt,  into  which  the  blood-current  is 
forcibly  poured  from  the  normal  narrow  tube.  Dilatations  of  this  sort  are  called  aneurisms, 
in  which  murmurs  are  generally  audible.  (6)  When  pressure  is  exerted  iqmi  an  artery,  e.g. 
by  the  pressure  of  the  greatly  enlarged  arteries  during  pregnancy,  or  by  a  large  tumour  pressing 
upon  a  large  artery. 

Spontaneous  Murmurs. — In  cases  where  no  source  of  external  pressure  is  discoverable,  and 
when  no  aneurism  is  present,  the  spontaneously  occurring  sounds  are  favoured,  when  at  the 
moment  of  arterial  rest  (cardiac  systole)  the  arterial  walls  are  distended  to  the  slightest  extent, 
and  when  during  the  movement  of  the  pulse  (cardiac  diastole)  the  tension  is  most  rapid  ( Traube, 
Weil),  i.e.,  when  the  low  systolic  minimum  tension  of  the  arterial  wall  passes  rapidly  into  the 
high  maximum  tension.  This  is  especially  the  case  in  insufficiency  of  the  aortic  valves,  in 
which  case  the  sounds  in  the  arteries  are  audible  over  a  wide  area.  If  the  minimum  tension  of 
the  arterial  wall  is  relatively  great,  even  during  diastole,  the  sounds  in  the  arteries  are  greatly 
•diminished. 

Arterial  murmurs  are  favoured  by — (1)  Sufficient  delicacy  and  elasticity  of  the 
arterial  walls.  (2)  Diminished  peripheral  resistance,  e.g.,  an  easy  outflow  of  the 
fluid  at  the  end  of  the  stream.  (3)  Accelerated  current  in  the  vascular  system 
generally.  (4)  A  considerable  diflerence  of  the  pressure  in  the  narrow  and  wide 
portions  of  the  tube.    (5)  Large  calibre  of  the  arteries. 

In  normal  pulsating  arteries,  sounds  may  be  heard  especially  at  an  acute  bend  of  the  artery. 
Murmurs  of  this  sort  are  loudest  where  several  large  arteries  lie  together;  hence,  during 
])regnancy,  we  hear  the  uterine  murmur,  or  placental  bruit,  or  souffle  in  the  greatly  dilated 
riterine  arteries.  It  is  much  less  distinct  in  the  umbilical  arteries  of  the  cord  (umbilical 
murmurs).  Similar  sounds  are  heard  through  the  thin  walls  of  the  head  of  infants,  and  a 
murmur  is  sometimes  heard  in  the  enlarged  spleen  in  ague  [Maissurianz). 

Auscultation  of  the  Normal  Pulse. — On  auscultating  the  radial  artery  under  favoiirable 
■circumstances,  and  especially  in  old  thin  persons  with  wide  arteries  and  dicrotic  pulse,  one  may 
hear  two  sounds  corresponding  to  the  primary  and  dicrotic  waves. 

In  insufficiency  of  the  aortic  valves,  characteristic  sounds  may  be  heard  in  the  crural  artery. 
If  pressure  be  exerted  upon  the  artery,  a  double  blowing  murmur  is  heard  ;  the  first  one  is  due 
to  a  large  mass  of  blood  being  propelled  into  the  artery  synchronously  with  the  heart-beat,  the 
second  to  the  fact  that  a  large  quantity  of  blood  flows  back  into  the  heart  during  diastole.  If 
no  pressure  be  exercised  two  sounds  are  heard,  and  these  seem  to  be  due  to  a  wave  propagated 
into  the  arteries  by  the  auricles  and  ventricles  res})ectively — compare  §  73,  fig.  94,  III.  In 
atheroma  a  double  sound  may  sometimes  be  heard  (§  73,  2). 

98.  VENOUS  MURMURS.— I.  Bruit  de  Diablo.— This  sound  is  heard  above 
the  clavicles  in  the  furrow  between  the  two  heads  of  the  sterno-mastoid,  most 
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frequently  on  the  right  side,  and  in  40  per  cent,  of  all  persons  examined.  It  is 
either  a  continuous  or  a  rhythmical  murmur,  occurring  during  the  diastole  of  the 
heart  or  during  inspiration ;  it  has  a  whistling  or  rushing  character,  or  even  a 
musical  quality,  and  arises  within  the  bulb  of  the  common  jugular  vein.  When 
this  sound  is  heard  without  pressure  being  exerted  by  the  stethoscope,  it  is  a 
pathological  phenomenon.  If,  however,  pressure  be  exerted,  and  if,  at  the  same 
time,  the  person  examined  turn  his  head  to  the  opposite  side,  a  similar  sound  is 
heard  in  nearly  all  cases.  The  pathological  hruit  de  diahle  occurs  especially  in 
an£emic  persons,  in  lead-poisoning,  in  syphilitic  and  scrofulous  persons,  sometimes 
in  young  persons,  and  less  frequently  in  elderly  people.  Sometimes  a  thrill  of  the 
vascular  wall  may  be  felt. 

Causes.— It  is  due  to  the  vibration  of  the  blood  flowing  in  from  the  relatively 
narrow  part  of  the  common  jugular  vein  into  the  wide  bulbous  portion  of  the 
vessel,  and  seems  to  occur  chiefly  when  the  walls  of  a  thin  part  of  the  vein  lie  close 
to  each  other,  so  that  the  current  must  purl  through  it.  It  is  clear  that_  pressure 
from  without,  or  lateral  pressure,  as  by  turning  the  head  to  the  opposite  side,  must 
favour  its  occurrence.  Its  intensity  will  be  increased  when  the  velocity  of  the 
stream  is  increased,  hence  inspiration  and  the  diastolic  action  of  the  heart  (both  of 
which  assist  the  venous  current)  increase  it.  The  erect  attitude  acts  in  a  similar 
manner.  A  similar  bruit  is  sometimes,  though  rarely,  heard  in  the  subclavian, 
axillary,  thyroid,  facial,  innominate  and  crural  veins,  and  superior  cava. 

II  Eegurgitant  Murmurs.— On  making  a  sudden  effort,  a  murmur  may  be  heard  in  the 
crural  vein  during  expiration,  which  is  caused  by  a  centrifugal  current  of  blood,  owing  to  the 
incompetence  or  absence  of  the  valves  in  this  region.  If  the  valves  at  the  jugular  bulb  are  not 
tight,  there  may  be  a  bruit  with  expiration  {expiratory  jugular  vein  hxxxit—Hamernjk),  or 
during  the  cardiac  systole  {systolic  jugular  vein  bruit— -y.  Bamberger).  ^ 

III.  Valvular  Sounds  in  Veins.— When  the  tricuspid  valve  is  incompetent  during  the  ven- 
tricular systole,  a  large  volume  of  blood  is  propelled  backwards  into  the  vente  cavse.  The 
venous  valves  are  closed  suddenly  thereby  and  a  sound  produced.  This  occurs  at  the  bulb  or 
dilatation  on  the  jugular  vein  {v.  Bamberger),  and  in  the  crural  vein  at  the  groin  {N.  Friedreicli), 
i  e  only  as  long  as  the  valves  are  competent.  Forced  expiration  may  cause  a  valvular  sound 
in  the  crural  vein.    No  sound  is  heard  in  the  veins  under  perfectly  normal  circumstances. 

99  THE  VENOUS  PULSE— PHLEBOGRAM.— Methods.— A  tracing  of  the  movements  of 
a  vein  taken  with  a  lightly  weighted  sphygmograph,  has  a  characteristic  form,  and  is  called  a 
phlebogram  (fig.  131).  In  order  to  interpret  the  various  events  of  the  phlebogram  it  is  most 
important  to  record  simultaneously  the  events  that  take  place  in  the  heart.  The  auricular  con- 
traction (compare  fig.  47)  is  synchronous  with  ab  ;  be,  with  the  ventricular  systole,  during  whicti 
time  the  first  sound  occurs,  whilst  a  bis  a.  presystohc  movement.  The  carotid  pulse  coincides 
nearly  with  the  apex  of  the  cardiogram,  i.e.,  almost  simultaneously  with  the  descending  limb 
of  the  phlebogram  {Riegel). 

Occasionally  in  healthy  individuals  a  pulsatile  movement,  synchronous  with  the 
action  of  the  heart,  may  be  observed  in  the  common  jugular  vein.  It  is  either 
confined  to  the  lower '  part  of  the  vein,  the  so-called  bulb,  or  extends  farther  up 
along  the  trunk  of  the  vein.  In  the ,  latter  case,  the  valves  above  the  bulb  are 
insuflicient,  which  is  by  no  means  rare,  even  in  health.  The  wave-motion  passes- 
from  below  upwards,  and  is  most  obvious  when  the  person  is  in  the  passive 
horizontal  position,  and  it  is  more  frequent  on  the  right  side,  because  the  right  vein 
lies  nearer  the  heart  than  the  left.  It  is  propagated  more  slowly  than  the  arterial 
pulse-wave.  The  venous  pulse  resembles  very  closely  the  tracing  of  the  cardiac 
impulse.    Compare  fig.  131,  1,  with  fig.  47.  _        •  -u  --u     •  -u^. 

It  is  obvious  that,  as  the  jugular  vein  is  in  direct  communication  with  the  right 
auricle,  and  as  the  pressure  within  it  is  low,  the  systole  of  the  right  auricle  must 
cause  a  positive  wave  to  be  propagated  towards  the  peripheral  end  of  the  jugular- 
vein.  Fig.  131,  9  and  10,  are  venous  pulse-tracings  of  a  healthy  person  with 
insufliciency  of  the  valves  of  the  jugular  vein.  In  these  curves  the  part  a  h 
corresponds  to  the  contraction  of  the  auricle.    Occasionally  this  part  consists  of 
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two  elevations,  corresponding  to  the  contraction  of  the  atrium  and  auricle 
respectively.  As  the  blood  in  the  right  auricle  receives  an  impulse  from  the  sudden 
tension  of  the  tricuspid  valve,  synchronous  ivitli  the  systole  of  the  right  ventricle, 
there  is  a  positive  wave  in  the  jugular  vein  in  fig.  131,  9  and  10,  indicated  by  h,  c. 
Lastly,  the  sudden  closure  of  the  pulmonary  valves  may  even  be  indicated  (e). 
As  the  aorta  lies  in  direct  relation  with  the  pulmonary  artery,  the  sudden  closure 
of  its  valves  may  also  be  indicated  (fig.  131,  9  at  d).  During  the  diastole  of  the 
auricle  and  ventricle,  blood  flows  into  the  heart,  so  that  the  vein  j^artly  collapses 
and  the  lever  of  the  recording  instrument  descends. 

Sinus  and  Retinal  Pulse. — The  blood  in  the  sinuses  of  the  hmiii  also  undergoes  a  pulsatile 
movement,  owing  to  the  fact  that  during  cardiac  diastole  much  blood  flows  into  the  veins 
{Mosso).  Under  favourable  circumstances,  this  movement  may  be  propagated  into  the  veins  of 
the  retina,  constituting  the  venous  retinal  pulse  of  the  older  observers  {Helfreich). 

Pathological  Jugular  Vein  Pulse. — The  venous  pulse  in  the  jugular  vein  is  far  better  marked 
in  insufficiency  of  the  tricuspid  valve,  and  the  vein  may  pulsate  violently,  but  if  its  valves  be 


Fig.  131. 

Venous  pulses  {Friedreich).  1-8,  from  insufficiency  of  the  tricuspid  ;  9,  10,  pulse  of  the  jugular 
vein  pf  a  healthy  person.  In  all  the  curves,  a  &  =  contraction  of  the  right  auricle  ;  h  c,  of 
the  right  ventricle  ;  d,  closure  of  the  aortic  valves  ;  e,  closure  of  the  pulmonary  valves  ; 
e  f,  diastole  of  the  right  ventricle. 

perfect,  the  pulse  is  not  propagated  along  the  vein,  so  that  a  pulse  in  the  jugular  vein  is  not 
necessarily  a  sign  of  insufficiency  of  the  tricuspid  valve,  but  only  of  insufficiency  of  the  valve  of 
the  jugular  vein  {Friedreich). 

Liver  Pulse.— The  ventricular  systole  is  propagated  into  the  valveless  inferior  vena  cava,  and 
causes  the  liver  pulse.  With  each  systole  blood  passes  into  the  hepatic  veins,  so  that  the  liver 
undergoes  a  systolic  stvelling  and  injection. 

Fig.  131,  2-8,  are  curves  of  the  pulse  in  the  common  jugular  vein.  Although  at  first  sight 
the  curves  appear  to  be  very  different,  they  all  agree  in  this,  that  the  various  events  occurring 
in  the  heart  during  a  cardiac  revolution  are  indicated  more  or  less  completely.  In  all  the 
curves,  a  &  =  auricular  contraction.  The  auricle,  when  it  contracts,  excites  a  positive  wave  in 
the  veins.  The  elevation,  b  c,  is  caused  by  the  large  blood-wave  produced  in  the  veins,  owing 
to  the  emptying  of  the  ventricle.  It  is  always  greater,  of  course,  in  insufficiency  of  the  tricuspid 
valves  than  under  normal  circumstances  (fig.  131,  9  and  10).  In  the  latter  case,  the  closure  of 
the  tricuspid  valve  causes  only  a  slight  wave-motion  in  the  auricle.    The  apex,  c,  of  this  wave 
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may  be  higher  or  lower,  according  to  the  tension  in  the  vein  and  the  pressure  exerted  by  the 
sphvamograph.  As  a  general  rule,  at  least  one  notch  (4,  5,  6,  e)  follows  the  apex,  due  to  the 
prompt  clos.a-e  of  the  valves  of  the  pulmonary  artery.  The  closure  of  the  closely  adjacent 
aortic  valves  may  cause  a  small  secondary  wave  near  to  c  (as  in  1  and  2,  d).  The  curve  tails 
towards  f,  corresponding  to  the  diastole  of  the  heart.  _ 

A  well-marked  venous  pulse  occurs  when  the  right  auricle  is  greatly  congested,  as  in  cases  ot 
insufficiency  of  the  mitral  valve  or  stenosis  of  the  same  orifice.  In  rare  cases,  m  addition  to 
the  pulse  in  the  common  jugular  vein,  the  external  jugular,  the  facial,  thyroid  external 
thoracic  veins,  or  even  the  veins  of  the  upper  and  lower  extremities  may  pulsate  A  similar 
pulsation  must  occur  in  the  pulmonary  veins  in  mitral  insufficiency,  but  ot  course  the  result  is 

""""orrare^occasions  a  pulse  occurs  in  the  veins  on  the  back  of  the  hand  and  foot,  owing  to  the 
arterial  jmlse  being  propagated  through  tlie  capillaries  into  the  veins.  This  may  occiir  under 
normal  circumstances,  when  the  peripheral  ends  of  the  arteries  become  dilated  and  relaxed 
(Qicincke),  or  when  the  blood -pressure  within  these  vessels  rises  rapn  ly  and  falls  as  suddenly, 
as  in  insufficiency  of  the  aortic  valves.    [Venous  pulse  in  submaxill  -ry  vem  (p.  135)J. 

In  progressive  efthsion  into  the  pericardium,  the  carotid  pulse  at  first  becomes  smaller  and  the 
venous  pulse  larger  ;  beyond  a  certain  stage  of  pressure  the  latter  ceases  {Miegel). 

100.  DISTRIBUTION  OF  THE  BLOOD.— In  the  rabbit,  one-fourtli  of  the 
total  amount  of  the  blood  is  found  in  each  of  the  following  :— a,  in  the  passive 
muscles ;  h,  in  the  liver ;  c,  in  the  organs  of  the  circulation  (heart  and  great 
vessels) ;  d,  in  all  other  parts  together. 

Methods  —The  methods  adopted  do  not  give  exact  results.  J.  Eanke  ligatured  the  parts 
during  life  removed  them,  and  investigated  the  amount  of  blood  while  the  tissues  are  still  warm. 

Influencing  Conditions. —The  amount  of  blood  is  influenced  by-(l)  the  anatomical  distribii- 
tion  of  the  vessels  (vascularity  or  the  reverse)  as  a  whole  ;  (2)  the  diameter  of  the  vessels,  which 
depends  upon  physiological  causes— («)  on  the  blood-pressure  within  the  vessels;  ( ft)  on  the 
condition  of  the  vaso-motor  or  vaso-dilator  nerves  ;  (c)  on  the  condition  of  the  tissues^  m  which 
the  blood-vessels  are  distributed,  e.g.,  the  vessels  of  the  intestine  during  absorption  ;  the  vessels 
of  muscle  during  muscular  contraction  ;  and  the  vessels  in  inflamed  parts. 

The  most  important  factor,  however,  is  the  state  of  activity  of  the  organ  itself  ; 
hence  the  saving,  "ubi  irritatio,  ibi  afduxus."  We  may  instance  the  congestion 
of  the  salivai^  glands  and  the  gastric  mucous  membrane  during  digestion,  and  the 
increased  vascularity  of  muscles  during  contraction.  As  the  activity  of  organs 
varies  at  different  times,  the  amount  of  blood  in  the  part  or  organ  goes  hand  in 
hand  with  the  variations  in  its  states  of  adivity.  When  some  organs  are  congested 
others  are  at  rest ;  during  digestion  there  is  muscular  relaxation  and  less  mental 
activity  •  violent  muscular  exertion  retards  digestion— during  great  congestion  o± 
the  cutaneous  vessels  the  activity  of  the  kidneys  diminishes.  Many  organs 
(heart,  muscles  of  respiration,  certain  nerve-centres)  seem  always  to  be  m  a  nearly 
uniform  state  of  activity  and  vascularity.  During  the  adivitij  of  an  organ,  the 
amount  of  blood  in  it  may  be  increased  30  per  cent.,  nay,  even  47  per  cent  ihe 
motor  organs  of  young  muscular  persons  are  relatively  more  vascular  than  those  ot 
old  and  feeble  persons  (/.  Banke).  In  the  condition  of  increased  activity  a  more 
rapid  renewal  of  the  blood  seems  to  occur ;  after  muscular  exertion  the  duration 
of  the  circulation  diminishes  (  Vierordt). 

During  a  condition  of  mental  activity,  the  carotid  is  dilated  the  dicrotic  wave  in  tbe  carotid 
cuiwe  is  increased  (the  radial  shows  the  opi)Osite  condition),  and  the  pulse  is  mcreased  m 

^'Tge^-T\SlLzo^7/..n^  of  the  heart  and  large  vessels  determines  a  different  distribution  of  the 
blood  in  the  child  f^om  that  which  obtains  in  the  ^drüt  The  heart  is  relatively  sma  l  ft^^^^^^ 
infancy  up  to  puberty,  the  vessels  are  relatively  large  ;  while  after  puberty  the  heart  is  lai|e 
and  the  vessel  are  relatively  smaller.  Hence  it  follows  that  the  blood-pressure  m  the  arteiie. 
of  the  systemic  circulation  must  be  lower  in  the  child  than  m  the  adult.  The  pulmonary  aite^^^^^ 
is  relatively  wide  in  the  child,  while  the  aorta  is  relatively  small  ;  after  puberty  both  vesse  s 
have  nearly  the  same  size.  Hence  it  follows  that  the  blood-pressure  m  the  pulmonary  vessels 
of  the  child  is  relatively  higher  than  that  in  the  adult  [Beneke). 

101.  PLETHYSMOGRAPHY.— In  order  to  estimate  and  register  the  amount 
of  blood  in  a  limb  Mosso  devised  the  Plethysmograph  (fig.  132). 
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It  consists  of  a  long  cylindrical  glass  vessel,  G,  suited  to  accommodate  a  limb.  The  ojiening 
through  which  the  limb  is  introduced  is  closed  with  caoutchouc,  and  the  vessel  is  filled  with 
water.  There  is  an  opening  in  the  side  of  the  vessel  in  which  a  manometer  tube,  tilled  to  a 
certain  height  with  water,  is  rixed.  As  the  arm  is  enlarged  owing  to  the  increased  supply  of 
arterial  blood  passing  into  it  at  each  pulse-beat,  of  course  the  Avater  column  in  tlie  manometer 
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Fig.  132. 

Mosso's  Plethysmograph.    G,  glass  vessel  for  holding  a  limb  ;  F,  flask  for  varying  the  water- 
pressure  in  G  ;  T,  recording  apparatus. 

is  raised.  Fick  placed  a  float  upon  the  surface  of  the  water,  and  thus  enabled  the  variations  in 
the  volume  of  the  fluid  to  be  inscriiied  on  a  revolving  cylinder.  The  curve  obtained  resembled 
the  pulse-curve  ;  it  was  even  dicrotic.  In  fig.  132  the  movement  of  the  fliiid  is  represented  as 
conveyed  to  a  Marey's  tambour,  T,  similar  to  the  recording  apparatus  employed  in  Brondgeest's 
pansphygmograph  (Hg.  88). 

The  cylinder  0  may  be  filled  with  air.  Kries  fills  it  with  gas  and  connects  the  tube  leading 
to  T  to  a  gas-burner.    The  variations  in  the  gas-flame  are  then  [»hotographed.  f^E,';'"" 

Results. — (1)  Pulsatile  Variations  in  the  Volume. — As  the  venous  current  is 
regarded  as  uniform  in  the  passive  limb,  every  increase  of  the  volume-curve  indi- 
cates a  greater  velocity  of  the  arterial  current  towards  the  periphery,  and  vice 
versa  {Fick).  The  curves  registered  by  the  apparatus  are  volume  pulses,  and 
they  resemble  the  curve  of  the  dromograph  (fig.  127,  III).  The  ascent  of  the 
curve  indicates  a  greater,  the  descent  a  diminished  inflow  of  arterial  blood. 

At  first  sight  the  plethysmograi)h  curve  (volume-pulse,  §  90,  7)  is  very  like  the  pulse-curve 
(pressure  ymlse)  ;  both  are  dicrotic.  But  there  are  differences  ;  the  volume  pulse-curve  beyond 
the  apex  falls  more  rapidly.  This  rapid  fall,  which  is  not  accompanied  by  a  corresponding  fall 
of  the  pressure,  is  attributed  by  v.  Kries  to  peripheral  reHexion.  The  dicrotic  wave  occurs 
sooner  in  the  volume-pulse  than  in  the  pulse-curve. 

(2)  The  respiratory  undulations  correspond  to  similar  variations  in  the  blood- 
pressure  tracing  (§  85,  /).  Vigorous  respiration  and  cessation  of  the  respiration 
cause  a  diminution  of  the  volume.  The  limb  swells  during  straining  and  coughing, 
but  diminishes  during  sighing.  (3)  Certain  periodic  undulations  occur,  due  to 
the  regular  periodic  contractions  of  the  small  arteries.  (4)  Other  undulations,  due 
to  various  accidental  causes,  affect  the  blood-pressure  :  changes  of  the  position  of 
a  limb  acting  hydrostatically,  and  dilatation  or  contraction  of  the  vessels  in  other 
vascular  regions.  (5)  Movement  of  the  muscles  of  the  limb  under  observation 
causes  diminution  of  volume,  as  the  venous  current  is  accelerated,  the  musculature 
is  also  very  slightly  diminished  in  volume,  even  when  the  intra-muscular  vessels 
are  dilated.  (6)  Mental  exercise  causes  a  diminution  in  the  volume  of  the  limb, 
and  so  does  sleep  (Mosso).  Music  influences  the  blood-pressure  in  dogs,  the  pres- 
sure rising  or  falling  under  different  conditions.  The  state  of  excitement  of  the 
auditory  nerve  is  transmitted  to  the  medulla  oblongata,  where  it  acts  so  as  to  cause 
acceleration  of  the  action  of  the  heart  (Dogiel).  (7)  Compression  of  the  afferent 
artery  causes  a  decrease,  and  compression  of  the  vein  an  increase  in  the  volume  of 
the  limb  {Mosso).  (8)  Stimulation  of  the  vaso-motor  nerves  causes  a  decrease, 
that  of  the  vaso-dilators  an  increase  in  the  volume  {Boivditch  and  Warren). 
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102.  TRANSFUSION  OF  BLOOD. — Transfusion  is  the  introduction  of  blood 
from  one  animal  into  the  vascular  system  of  another  animal.  _ 

(a)  The  red  corpuscles  are  the  most  important  elements  in  connection  with  the 
restorative  powers  of  the  blood.  They  seem  to  preserve  their  functions  even  m 
blood  which  has  been  defibrinated  outside  the  body  (§  4,  A). 

(h)  With  regard  to  the  gases  present  in  the  blood,  arterial  blood  never  acts 
injuriously ;  but  venous  blood  overcharged  with  carbonic  acid  ought  only  to  be 
transfused  when  the  respiration  is  sufficient  to  oxygenate  the  blood  as  it  passes 
throucrh  the  pulmonary  capillaries,  whereby  venous  is  transformed  into  arterial 
blood""  If  the  respiratory  movements  have  ceased,  or  are  imperfectly  performed, 
the  blood  becomes  rapidly  richer  in  carbonic  acid,  and  in  this  condition  reaches 
the  heart  •  thence  it  is  propelled  into  the  blood-vessels  of  the  medulla  oblongata, 
where  it  acts  as  a  powerful  stimulus  of  the  respiratory  centre,  causing  dyspnoea, 
convulsions,  and  death.  -,    ,       x         4.  i 

(c)  The  fibrin,  and  the  substances  from  which  it  is  formed,  do  not  seem  to  play 
any  part  in  connection  with  the  restorative  powers  of  the  blood  ;  hence,  defibri- 
nated blood  performs  all  the  functions  of  non-defibrinated  blood  withm  the  body 
(Panwn,  Landois). 

Id)  The  investigations  of  Worm  Müller  showed  that  an  excess  of  83  per  cent,  ot 
l)lood  may  be  transfused  into  the  vascular  system  of  an  animal  (dog)  without  pro- 
ducincT  any  injurious  effects.  Hence  it  follows  that  the  vascular  system  has  the 
power'^of  accommodating  large  quantities  of  blood  within  it.  That  the  vascular 
system  can  accommodate  itself  to  a  diminished  amount  of  blood  has  been  known 
for  a  lono-  time  (§  85,  c).  It  is  very  important  to  observe  that  the  transfusion  ot  a 
larcre  quantity  o/ blood  does  not  materially  or  permanently  raise  the  blood-pressure. 

When  Employed.— The  transfusion  of  blood  is  used— (1)  m  acute  anaemia 
(S  41  1)  e.g.,  after  copious  haemorrhage.  New  blood  (150  to  500  c.c),  from  the 
same  specie^  of  animal,  is  introduced  directly  into  the  vessels,  to  supply  the  place  of 
the  blood  lost  by  the  haemorrhage.  ,      .  • 

(2)  In  cases  of  poisoning,  where  the  blood  has  been  rendered  useless  by  being 
mixed  with  a  poisoning  substance,  and  hence  is  unable  to  support  life.  In  such 
cases  remove  a  considerable  quantity  of  the  blood,  and  replace  it  by  fresh  blood. 
Carbonic  oxide  is  a  poison  of  this  kind,  and  its  effects  on  the  body  have  already 
been  described  (§  16).  A  similar  practice  is  indicated  in  poisoning  with  ether, 
chloral,  chloroform,  opium,  morphia,  strychnine,  cobra  poison,  and  such  substances 
as  dissolve  the  blood-corpuscles,  e.g.,  potassic  chlorate. 

(3)  Under  certain  pathological  conditions  the  blood  may  become  so  altered  m 
quality  as  to  be  unable  to  support  life.  The  morphological  elements  of  the  blood 
may  be  altered,  and  so  may  the  relative  proportion  of  its  other  constituents. 
Amoncrst  these  conditions  may  be  cited  the  pathological  condition  of  uraemia,  due, 
it  may^'be  to  the  accumulation  of  urea  or  the  products  of  its  decomposition  withm 
the  blood';  accumulation  of  the  bihary  constituents  in  the  blood,  and  great  increase 
of  the  carbonic  acid.  All  these  three  conditions,  when  very  pronounced,  may  cause 
death.    In  these  cases,  part  of  the  impure  blood  may  be  replaced  by  normal  human 

Amongst  conditions  where  the  morphological  constituents  of  the  blood  are  altered 
quahtatively  or  quantitatively  are  :  hydraemia  (excessive  amount  of  water  m  the 
blood  ^  41  1)  ;  oHgocythaemia  (abnormal  diminution  of  red  blood-corpuscles). 
WheA  these  conditions  are  highly  developed,  more  especially  in  pernicious  anaemia 
(§  10,  2),  healthy  blood  may  be  substituted.  Transfusion  is  not  suited  for  persons 
suffering  from  leukaemia  (compare  p.  21).  ,  ,  ^    i        .       ■  ■    ^  a 

After  Effects.— A  quarter  or  half  an  hour  after  normal  blood  has  been  injected 
into  the  blood-vessels  of  a  man,  there  is  a  greater  or  less  febrile  reaction,  according 
to  the  amount  of  blood  transfused  (Fever,  §  220). 
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Operation. — The  operative  procedure  tobe  adopted  in  the  process  of  trausfasion  varies  accord- 
ing as  defibrinated  or  non-defibrinated  blood  is  used.  In  order  to  defibrinate  blood,  some  blood 
is  withdrawn  from  a  vein  of  a  healthy  man  in  the  ordinary  way,  collected  in  an  open  vessel,  and 
whipped  or  beaten  with  a  glass  rod  until  all  the  hbrin  is  completely  removed  from  it.  It  is 
then  filtered  through  an  atlas  filter,  heated  to  the  temperature  of  the  body  (by  placing  it  in 
a  vessel  in  warm  water),  and  injected  by  means  of  a  syringe  into  an  artery  opened  for  the 
purpose,  A  vein  {e.g.,  basilic  or  great  saphenous)  may  be  selected  for  the  transfusion,  in  which 
case  the  blood  is  driven  inward  in  the  direction  of  the  heart  ;  if  an  artery  is  selected  (radial 
or  posterior  tibial)  the  blood  is  injected  towards  tlie  periphery,  or  towards  the  heart. 

If  non-defibrinated  human  blood  is  used,  the  blood  may  be  passed  directly  from  the  arm  of 
the  giver  to  the  arm  of  the  receiver  by  means  of  a  flexible  tube.  The  tube  used  must  be  filled 
with  normal  saline  solution  to  prevent  the  entrance  of  air.  [J.  Duncan  collects  the  blood  shed 
during  an  operation  in  a  5  per  cent,  solution  of  sodic  phosphate  [Pavy),  and  injects  the  mixture, 
especially  where  much  blood  has  been  lost  previously.] 

Dangers. — It  is  most  important  that  no  air  be  allowed  to  pass  into  the  circulation,  for  if  it  be 
introduced  in  sufficient  quantity  it  may  cause. death.  When  air  enters  the  circulation  it  reaches 
the  right  side  of  the  heart,  where,  owing  to  the  movement  of  the  blood,  it  forms  air-bubbles  and 
makes  a  froth.  The  air-bubbles  are  pumped  into  the  branches  of  the  pulmonary  artery,  in 
which  they  become  impacted,  arrest  the  pulmonary  circulation,  and  rapidly  cause  death. 

Peritoneal  Transfusion. — Eecently,  the  injection  of  defibrinated  blood  into  the  peritoneal 
cavity  has  been  recommended.  The  blood  so  injected  is  absorbed  {Ponfick).  Even  after  twenty 
minutes  the  number  of  blood-corpuscles  in  the  blood  of  the  recipient  (rabbit)  is  increased,  and 
the  number  is  greatest  on  the  first  or  second  day.  The  operation,  however,  may  cause  death, 
and  one  fatal  case,  owing  to  peritonitis,  is  recorded  {Mosler).  It  is  evident  that  this  method 
of  transfusion  is  not  applicable  in  cases  where  blood  must  be  introduced  into  the  circulation  as 
rapidly  as  possible  {e.g.,  after  severe  haemorrhage  or  in  certain  cases  of  poisoning.  [Blood  has 
been  injected  into  the  subcutaneous  cellular  tissue  of  the  abdomen  in  cases  of  great  debility.] 

Heterogeneous  Blood. — The  hlood  of  animals  ought  never  to  he  transfused  into  the  blood-vessels 
of  man.  It  is  to  be  remembered,  however,  that  the  blood-corpuscles  of  the  sheep  are  rapidly 
dissolved  by  human  blood,  so  that  the  active  constituents  of  the  blood  are  rendered  useless 
{Landois).  As  a  general  rule,  the  blood-serum  of  some  mammals  dissolves  the  blood-corpuscles 
of  other  mammals  (§  5,  5). 

Solution  of  the  Blood-Corpuscles.— The  serum  of  dog's  blood  is  a  powerful  solvent,  while 
that  of  the  blood  of  the  horse  and  rabbit  dissolves  corpuscles  relatively  slowly.  The  blood- 
corpuscles  of  mammals  vary  very  greatly  with  reference  to  their  power  to  resist  the  solvent 
action  of  the  serum  of  other  animals.  The  red  blood-corpuscles  of  rabbits'  blood  are  rapidly 
dissolved  by  the  blood-serum  of  other  animals,  whilst  those  of  the  cat  and  dog  resist  the 
solvent  action  much  longer.  Solution  of  the  corpuscles  occurs  in  defibrinated  as  well  as  in 
ordinary  blood.  When  the  blood  of  a  rabbit  or  lamb  is  injected  into  the  blood-vessels  of  a  dog, 
the  red  blood-corpuscles  are  dissolved  in  a  few  minutes.  If  blood  be  withdrawn  by  pricking  the 
skin  with  a  needle,  the  partially  dissolved  corpuscles  may  be  detected. 

Liberation  of  Haemoglobin  and  Hsemoglobinuria. — As  a  result  of  the  solution  of  the  coloured 
corpuscles,  the  blood-plasma  is  reddened  by  the  liberated  haemoglobin.  Part  of  the  dissolved 
material  may  be  used  up  in  the  body  of  the  recipient,  some  of  it  for  the  formation  of  bile,  but 
if  the  solution  of  the  corpuscles  has  been  extensive,  the  haemoglobin  is  excreted  in  the  urine 
(hsemoglobinuria),  in  less  amount  in  the  intestine,  the  bronchi,  and  the  serous  cavities.  Bloody 
urine  has  been  observed  in  man  after  the  injection  of  100  grams  of  lamb's  blood.  Even  some 
of  the  recipient's  blood-corpuscles  are  dissolved  by  the  serum  of  the  transfused  blood,  e.g.,  on 
transfusing  dog's  blood  into  man.  In  the  rabbit,  Avhose  corpuscles  are  readily  dissolved,  the 
transfusion  of  the  hlood-serum  of  tlie  dog,  man,  pig,  sheep,  or  cat  produces  serious  symptoms, 
and  even  death.  The  dog,  whose  corpuscles  are  more  resistant,  bears  transfusion  of  other 
kinds  of  blood  well. 

Dangers, — When  foreign  or  heterogeneous  blood  {i.e.,  blood  from  a  different  species)  is  trans- 
fused, two  phenomena,  which  may  be  dangerous  to  life,  occur  :— 

(1)  Before  the  corpuscles  are  dissolved,  they  usually  run  together  and  form  sticky  masses, 
consisting  of  1 0  or  12  corpuscles,  which  are  apt  to  occlude  the  capillaries.  After  a  time  they  give 
irp  their  haemoglobin,  leaving  the  stroma,  which  yields  a  sticky  fibrin-like  mass  that  may 
occlude  fine  vessels  (§  31). 

(  2)  The  presence  of  a  large  quantity  of  dissolved  haemoglobin  may  cause  extensive  coagulation 
within  the  blood-vessels.  The  injection  of  dissolved  haemoglobin  causes  extensive  coagiüations 
{Naunyn  and  FrartcJcen). 

The  coagulation  occurs  usually  in  the  vSnous  system  and  in  the  larger  vessels,  and  may  cause 
death  either  suddenly  or  after  a  considerable  time. 

Dissolved  haemoglobin  seems  greatly  to  increase  the  activity  of  the  fibrin-ferment  (§  30), 
perhaps  by  accelerating  the  disintegration  of  the  colourless  corpuscles.  Haemoglobin  exposed 
to  the  air  gradually  loses  this  property  ;  and  the  fibrin-ferment,  when  in  contact  with  haemo- 
g  obin,  is  either  destroyed  or  rendered  less  active  {Sachssendahl). 
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Vascular  Symptoms.— As  a  result  of  the  above-named  causes  of  occlusiou  of  the  vessels,  there 
are  often  signs  of  the  circulation  being  imijeded  in  various  organs.  In  man,  after  transfusion 
of  lamb's  blood,  the  skin  is  bluish-red,  in  consequence  of  the  stagnation  of  blood  in  the 
cutaneous  vessels.  Difficulty  of  breathing  occurs  from  obstruction  in  the  capillaries  of  the 
lung  ;  while  there  may  be  rupture  of  small  bronchial  vessels,  causing  sanguineous  expectora- 
tion. '  The  dyspnoea  may  increase,  especially  when  the  circulation  through  the  medulla 
oblongata— the  seat  of  the  respiratory  centre— is  interfered  with.  In  the  digestive  tract,  for 
the  same  reason,  increased  peristalsis,  evacuation  of  the  contents  of  the  rectum,  vomiting,  and 
abdominal  pain  may  occur.  These  phenomena  are  explained  by  the  fact  that  disturbances^  of 
the  circulation  in  tiie  intestinal  vessels  cause  increased  peristaltic  movements.  Degeneration 
of  the  parenchyma  of  the  kidney  occurs  as  a  result  of  the  occlusion  of  some  of  the  renal  vessels. 
The  urinifer.>us  tubules  become  plugged  with  cylinders  of  coagulated  albumin  {I'onfick).  Owing 
to  the  occlusion  of  numerous  small  muscular  branches,  the  muscles  may  become  stiff",  or  coagula- 
tion of  their  myosin  may  occur  Other  symptoms,  referable  to  the  nervous  system,  sense-organs, 
and  heart,  are  all  due  to  the  interference  with  the  circulation  through  them.  An  important 
symptom 'is  the  occurrence  of  a  considerable  amount  oi  fever  half  an  hour  or  so  after  the  trans- 
fusion of  hetero^^enous  blood  (§  200).  When  many  vessels  are  occluded,  rupture  of  some  small 
blood  -vessels  may  take  place.  This  explains  the  occurrence  of  slight,  yet  persistent  hfemorrhages, 
which  occur  on  the  free  surfaces  of  the  mucous  and  serous  memliranes,  and  in  the  parenchyma 
of  orcrans,  as  well  as  in  wounds.    The  blood  coagulates  with  difficulty,  and  imperfectly. 

Transfusion  of  other  Fluids.— Other  substances  have  been  transfused.  Normal  saline  solu- 
tion (0-6  per  cent.  NaCl),  or  serum  from  the  same  species,  aids  the  circulation  in  a  purely 
mechanical  way  {Goltz),  and  it  even  excites  the  circulation  {Kronecker).  In  severe  ansemia  this 
fluid  cannot  maintain  life  iEulenhurg  and  Landois).  The  injection  of  peptone,  or  rather  the 
albumoses,  even  in  moderate  amount,  is  dangerous  to  life,  as  it  causes  paralysis  of  the  vessels 
(p.  36). 


The  Blood  Glands. 

103._I.— THE  SPLEEN.— Structure.— The  spleen  is  covered  by  the  peri- 
toneum, except  at  the  hilum.  Under  this  serous  covering  there  is  a  tough, 
thick,  elastic,  fibrous  capsule,  which  closely  invests  the  organ  and  gives  a 
^'^J'f^^l^^^^-T-T^^-"  covering  to  the  vessels  which  enter  or  leave 
^      _  "  ^  ~  .  hilum,  so  that  fibrous  tissue  is 

carried  into  the  organ  along  the  course  of  the 
1  vessels  (fig.  133).    [The  capsule  cannot  be 

I  separated  without  tearing  the  splenic  pulp.] 

II  Numerous  trabeculse  pass  into  the  spleen 
%  from  the  deep  surface  of  the  capsule,  where 
%  they  branch  and  anastomose  so  as  to  produce 
'%  a  network  of  sustentacular  tissue,  which  is 
M  continuous  with  the  connective-tissue,  pro- 
$1.  longed  inwards  and  surrounding  the  blood- 
;Ä  vessels  (fig.  134).  Thus,  the  connective- 
1^  tissue  in  the  spleen,  as  in  other  viscera,  is 
'Wi:  continuous  throughout  the  organ.    In  this 

way  an  irregular  dense  network  is  formed, 
®^^^t?l  comparable  to  the  meshes  of  a  bath  sponge. 

[This  network  is  easily  demonstrated  by 
'. '  '  washing  out  the  pulp  lying  in  its  meshes  by 
^^^^^^  stream  of  water,  when  a  beautiful 
soft  semi-elastic  network  or  framework  of 
rounded  and  flattened  threads  is  obtained.] 
The  capsule  (fig.  133)  is  composed  of  inter- 
lacing bundles  of  connective-tissue  mixed 
with  numerous  fine  fibres  of  elastic  tissue  and  some  non-striped  fibres. 

Reticulum.— -Within  the  meshes  of  the  trabecular  framework  there  is  disposed 
a  very  dehcate  network  or  reticulum  of  adenoid  tissue,  which,  with  the  other 


A,  capsule;  B,  trabscalse;  C,  sploaii  palp  ; 
D,  splenic  corpuscle;  E,  artery. 

Fig.  133. 

Section  of  human  spleen  x  10  times. 
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coloured  elements  that  üll  the  meshes,  constitute  the  splenic  pulp  (tig.  135). 
The  reticulum  is  continuous  with  the  fibres  of  the  trabecules.  [If  a  fine  section  of 
the  spleen  be  "  pencilled "  in  water,  so  as  to  remove  the  cellular  elements,  the 
preparation  presents  much  the  same  characters  as  a  section  of  a  lymph-gland 
similarly  treated,  viz.,  a  very  fine  network  of  adenoid  tissue,  continuous  with,  and 
surrounding  the  walls  of,  the  blood-vessels.  The  spaces  of  this  tissue  are  filled  with 
lymph-  and  blood-corpuscles.] 

The  pulp  is  a  dark  reddish- coloured,  semi-fluid  material,  which  may  be  squeezed 
or  washed  out  of  the  meshes  in  which  it  lies.  It  contains  a  large  number  of 
coloured  blood-corpuscles,  and  becomes  brighter  when  it  is  exposed  to  the  action  of 
the  oxygen  of  the  air. 

Blood- Vessels  and  Malpighian  Corpuslces. — The  large  splenic  artery,  accom- 
panied by  a  vein,  splits  up  into  several  branches  before  it  enters  the  spleen. 
Both  vessels  and  their  branches  are  enclosed  in  a  fibrous  sheath,  which  becomes 
continuous  with  the  trabecule;.  The  smaller  branches  of  the  artery  gradually  lose 
this  fibrous  investment,  and  each  one  ultimately  divides  into  a  group  or  pencil  of 
arterioles  or  penicilli  tchich  do  not  anastomose  with  each  other.  [Thus  each  branch 
is  terminal — a  condition  which  is  of  great  importance  in  connection  with  the 
pathology  of  embolism  or  infarction  of  the  vessels  of  the  sjDleen.]  At  the  points 
of  division  of  the  branches  of  the  artery,  or  scattered  along  their  course,  are  small 
oval  or  globular  masses  of  adenoid  tissue  {^-^  to  inch  in  diameter),  the  Malpighian 
corpuscles.    [These  bodies  are  visible  to  the  naked  eye  as  small,  round,  or  oval 


Fig.  134.  Fig.  135. 

Trabecixlse  of  the  spleen  of  a  cat  with  tlie  splenic  pnlp  washed  Adenoid  reticulum  of 

out.    a,  trabecula  ;  h,  vein,  spleen  of  cat. 


—[70,000  in  man] — and  are  readily  detected  in  the  dark  reddish  pulp.  One 
must  be  careful  not  to  mistake  sections  of  the  trabeculae  for  them.  These 
corpuscles  consist  of  adenoid  tissue,  whose  meshes  are  filled  with  lymph-cor- 
puscles, and  they  present  exactly  the  same  structure  as  the  solitary  follicles  of 
the  intestine  (§  197).  They  are  small  lymphatic  accumulations  around  the  arteries 
— peri-arterial  masses  of  adenoid  tissue  similar  to  those  masses  that  occur  in  a 
slightly  different  form  in  other  organs,  e.g.,  the  lungs.  In  a  section  of  the  spleen 
the  artery  may  pass  through  the  centre  of  the  mass  or  through  one  side  of  it,  and 
in  some  cases  the  tissue  is  collected  unequally  on  opposite  sides  of  the  vessel,  so 
that  it  is  lob-sided.  They  are  not  surrounded  by  any  special  envelope.  In  some 
animals  the  lymphatic  tissue  is  continued  for  some  distance  along  the  small  arteries, 
so  that  to  some  extent  it  resembles  a  peri-vascular  sheath  of  adenoid  tissue.  In  a 
well-injected  spleen,  a  few  fine  capillaries  are  to  be  found  within  these  corpuscles. 
The  capillaries  distributed  in  the  substance  of  the  Malpighian  corpuscle  (fig.  136)  form 
a  network,  and  ultimately  pour  their  blood  into  the  spaces  in  the  pulp.  According 
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to  Cadiat,  the  corpuscles  are  separated  from  the  splenic  pulp  by  a  lymphatic  snius, 
which  is  traversed  by  efferent  capillaries  passing  to  the  pulp  (fig.  136). 

Connection  of  Arteries  and  Veins.— It  is  very  difficult  to  determine  what  is  the 
exact  mode  of  termination  of  the  arteries  within  the  spleen,  more  especially  as  it 
is  extremely  difficult  to  inject  the  blood-vessels  of  the  spleen.  According  to 
Stieda  and  others,  the  fine  "capillary  arteries"  formed  by  the  division  of  the 
small  arteries  do  not  open  directly  into  the  capillary  veins,  but  the  connection 

between  the  arteries  and  veins  is  by 
means  of  the  "intermediary  inter- 
cellular spaces"  of  the  reticulum  of 
the  spleen,  so  that,  according  to  this 
view,  there  is  no  continuous  channel 
lined  throughout  by  epithelium  con- 
necting these  vessels  one  with  another. 
Thus  the  blood  of  the  spleen  fiows  into 
the  spaces  of  the  adenoid  reticulum 
just  as  the  lymph-stream  flows  through 
the  spaces  in  a  lymph-gland.  Accord- 
ing to  Billroth  and  Kolliker,  a  closed 
blood-channel  actually  does  exist  be- 
tween the  capillary  arteries  and  the 
veins,  consisting  of  dilated  spaces 
(similar  to  -those  of  erectile  tissue). 
These  intermediary  spaces  are  said  to 
be  completely  lined  by  spindle-shaped 
epithelium,  which  abuts  externally  on 
the  reticulum  of  the  pulp.  [According 
to  Frey,  owing  to  the  walls  of  the 
terminal  vessels  being  incomplete, 
there  being  clefts  or  spaces  between  the  cells  composing  them,  the  blood  passes 
freely  into  "spaces  of  the  adenoid  tissue  of  the  pulp  "  in  the  same  way  as  the  water 
of  a  river  finds  its  way  amongst  the  pebbles  of  its  bed,"  these  "intermediary 
passages  "  being  bounded  directly  by  the  cells  and  fibres 
ff  of  the  network  of  the  pulp.    From  the  passages  the 

venous  radicles  arise.  At  first  their  walls  are  imperfect 
and  cribriform,  and  they  often  present  peculiar  transverse 
markings,  due  to  the  circular  disposition  of  the  elastic 
fibres  of  the  reticulum.  The  small  veins  have  at  first  a 
different  course  from  the  arteries.  They  anastomose 
freely,  but  they  soon  become  enslieathed,  and  accompany 
the  arteries  in  their  course.] 

Elements  of  the  Pulp  (fig.  137).— The  morphological 
elements  are  very  various — (1)  Lymph-corpuscles  of  various 
sizes,  sometimes  partly  swollen,  and  at  other  times  with 
granular  contents.  (2)  Ked  blood-corpuscles.  (3)  Transi- 
tion forms  between  1  and  2  [although  this  is  denied  by 
some  observers  (§  7,  C)].  (4)  Cells  containing  red  blood- 
corpuscles  and  pigment  granules.  [These  cells  exhibit 
amoeboid  movements.]    (Compare  §  8.) 

[Lymphatics  undoubtedly  arise  within   the  spleen, 
but  they  are  not  numerous.    There  are  two  systems— a 
superficial  or  capsular,  and  trabecular  system  ;  and  a 
peri-vascular  set.    The  superficial  lymphatics  in  the  capsule  are  rather  more 
Some  of  them  seem  to  communicate  with  the  lymphatics  within  the 


Fig.  136. 

Malpigliian  corpuscle  of  a  cat's  spleen  injected. 
a,  artery  ;  &,  meslies  of  the  pulp  injected  ;  c, 
the  artery  of  the  corpuscle _  ramifying  in  the 
lymphatic  tissue  composing  it. 
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Fig.  137. 

Elements  of  human  splenic 
pulp.  1,  colourless  cells; 
2,  endothelium  ;  3,  col- 
oured blood-corpuscles  ; 
4,  cells  containing  gran- 
ules, the  upper  one  with 
a  colourless  blood-cor- 
puscle    enclosed  in  it. 


numerous. 


Sec.  103.]  FUNCTIONS  OF  THE  SPLEEN.  1 69 

organ  {Tomsa,  Kolliker).  In  the  horse's  spleen  they  coniniimicate  with  the  lym- 
phatics in  the  trabeculse,  and  with  the  peri-vascular  lymphatics.  The  exact  mode 
of  origin  of  the  peri- vascular  system  is  unknown,  but  in  part  at  least  it  begins  ni 
the  spaces  of  the  adenoid  tissue  of  the  Malpighian  corpuscles  and  peri-vascular 
adenoid  tissue,  and  runs  along  the  arteries  towards  the  hilum.  _  There  seem  to  be 
no  afferent  lymphatics  in  the  spleen  such  as  exist  in  a  lymphatic  gland.] 

The  nerves  of  the  spleen  are  composed  for  the  most  part  of  non-medullated 
nerve-fibres,  and  run  along  with  the  artery.  Their  exact  mode  of  termination  is 
unknown,  but  they  probably  go  to  the  blood-vessels  and  to  the  muscular  tissue  ni 
the  capsule  and  trabeculse.  [They  are  well  seen  in  the  spleen  of  the  ox,  and  m 
their  course  very  small  gangHa,  placed  wide  apart,  have  been  found  by  Remak  and 
W.  Stirling.] 

Chemical  Composition. —Several  of  the  more  highly  oxidised  stages  of  albuminous  bodies 
exist  in  the  spleen.  Besides  the  ordinary  constituents  of  the  blood,  there  exist :— leucm 
tyrosin,  xanthin,  hypoxanthin  ;  lactic,  butyric,  acetic,  formic,  succmic,  and  uric  acids,  and 
perhaps  glycero-phosphoric  acid  {Salkoioski)  ;  Cholesterin,  a  glutin-like  body,  inosit,  a  pigment 
containing  iron,  and  even  free  iron  oxide  {Nasse).  The  ash  is  rich  in  phosphoric  acid  and  iron 
(p.  170)  ;  poor  in  chlorine  compounds.  The  splenic  juice  is  alkaline  m  reaction  ;  the  specitic 
gravity  of  the  spleen  =  1059-1066. 

The  functions  of  the  spleen  are  obscure,  but  we  know  some  facts  on  which  to 
form  a  theory.  [The  spleen  differs  from  other  organs  in  that  no  very  apparent 
effect  is  produced  by  it,  so  that  we  must  determine  its  uses  in  the  economy  from  a 
consideration  of  such  facts  as  the  following  (1)  The  effects  of  its  removal  or 
extirpation.  (2)  The  changes  which  the  blood  undergoes  as  it  passes  through  it. 
(.3)  Its  chemical  composition.  (4)  The  results  of  experiments  upon  it.  (5)  The 
effects  of  diseases.] 

(1)  Extirpation.— The  spleen  may  be  removed  from  an  animal— old  or  young— 
without  the  organism  suffering  any  very  obvious  change  {Galen).  The  human 
spleen  has  been  successfully  removed  by  Koberle,  Pean,  and  others.  As  a  result 
(compensatory  ?)  the  lymphatic  glands  enlarge,  but  not  constantly,  while  the  blood- 
forming  activity  of  the  red  marrow  of  bone  is  increased.  Small  brownish-red 
patches  were  observed  in  the  intestines  of  frogs  after  extirpation  of  the  spleen. 
These  new  formations  are  regarded  by  some  observers  as  compensatory  organs. 
Tizzoni  asserts  that  new  splenic  structures  are  formed  in  the  omentum  (horse,  dog) 
after  the  destruction  of  the  parenchyma  and  blood-vessels  of  the  spleen.  The  spleen 
is  absent  extremely  seldom. 

[The  weight  of  the  animal  (dog)  diminishes  after  the  operation,  but  afterwards  iiicrea&^es. 
The  number  of  red  blood-corpuscles  is  lessened,  reaching  its  minimum  about  the  150th  to  the 
200th  day,  while  the  colourless  corpuscles  are  increased  in  number.  The  lymphatic  glands 
(especially  the  internal,  and  those  in  the  neck,  mesentery,  and  groin)  enlarge,  while  on  section 
the  cortical  substance  of  these  structures  is  redder,  owing  to  the  great  number  of  red  corpuscles  ; 
many  of  them  are  nucleated  in  the  lymph  spaces  {Gibson).  The  marrow  of  all  the  long  bones 
(those  of  the  foot  excepted)  becomes  very  red  and  soft,  with  the  characters  of  embryonic  bone- 
marrow.  Such  animals  withstand  hjemorrhage  (to  \  of  the  total  amount  of  blood)  without  any 
specially  bad  results  {Tizzoni,  Winogradow).  Schindeler  observed  that  animals  after  extirpa- 
tion of  the  spleen  became  very  ravenous.] 

[Regeneration.— After  entire  removal  of  the  spleen,  nodules  of  splenic  tissue  are  reproduced 
(fox)  ;  while  new  adenoid  tissue  is  formed  in  the  lymphatic  glands,  and  in  Peyer's  patches, 
the  parenchyma  of  the  former  coming  to  resemble  splenic  tissue  {Tizzoni,  Eternod).'] 

(2)  According  to  Gerlach  and  Funke  the  spleen  is  a  blood-forming  gland.  The 
blood  of  the  splenic  vein  contains  far  more  colourless  corpuscles  than  the  blood  of 
the  splenic  artery  (p.  53).  Many  of  these  corpuscles  undergo  fatty  degeneration,  and 
disappear  in  the  blood-stream.  That  colourless  blood-corpuscles  are  formed  within 
the  spleen  seems  to  be  proved  by  the  enormous  number  of  these  corpuscles  which 
are  found  in  the  blood  in  cases  of  leuksemia  {Beniiett  (1852),  Virchow).  Bizzozero 
and  Salvioli  found  that,  several  days  after  severe  haemorrhage,  the  spleen  became 
enlarged,  and  its  parenchyma  contained  numerous  red  nucleated  hsematoblasts. 
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(3)  Other  observers  {KölUker  and  Ecker)  regard  the  spleen  as  an  organ  in  which 
coloured  blood-corpuscles  are  destroyed,  and  they  consider  the  large  protoplasmic 
cells  containing  pigment  granules  as  a  proof  of  this  (p.  168).  According  to  the 
observations  of  Kusnetzow,  these  structures  are  merely  lymph-corpuscles,  which,  in 
virtue  of  their  amoeboid  movements,  have  entangled  coloured  blood- corpuscles. 
[Such  corpuscles  exhibit  similar  properties  when  placed  upon  a  warm  stage.] 
Similar  cells  occur  in  extravasations  of  blood.  The  coloured  blood-corpuscles  within 
the  lymph-cells  gradually  become  disintegrated,  and  give  rise  to  the  production  of 
granules  of  hsematin  and  other  derivatives  of  hsemoglobin.  [The  spleen  contains 
so  much  free  iron  that  a  section  of  this  organ,  especially  from  a  young  animal, 
when  treated  with  Tizzoni's  fluid,  i.e.,  with  potassic  ferrocyanide  and  hydrochloric 
acid,  gives  a  distinct  blue  colour  (§  174,  4).]  Hence  the  spleen  contains  more 
iron  than  corresponds  to  the  amount  of  blood  present  in  it.  When  we  consider 
that  the  spleen  contains  a  large  number  of  extractives  derived  from  the  decomposi- 
tion of  Proteids,  it  is  very  probable  that  coloured  blood-corpuscles  are  destroyed 
in  the  spleen.  Further,  the  juice  of  the  spleen  contains  salts  similar  to  those  that 
occur  in  the  red  blood-corpuscles. 

The  blood  from  tlie  spleen  is  said  to  have  imdergoue  other  cliaiiges,  but  the  following  state- 
ment must  be  accei)ted  with  caution  :— The  blood  of  the  splenic  vein  contains  more  water  and 
fibrin,  its  red  blood  corpuscles  are  smaller,  brighter,  less  flattened,  more  resistant,  and  do  not 
form  rouleaux  ;  its  hsemoglobin  crystallises  more  easily,  and  there  is  a  large  proportion  of  0 
during  digestion.  [The  serum  of  the  blood  of  the  splenic  vein  does  not  differ  from  that  of  the 
blood  of  the  body  generally.] 

[The  spleen  has  therefore  very  direct  relations  to  the  blood  ;  in  it  coloured  blood- 
corpuscles  undergo  disintegration,  it  produces  colourless  corpuscles,  and  it  is  said  to 
transform  white  corpuscles  into  red.  The  last  statement,  however,  does  not  agree 
with  the  view  that  the  red  and  white  corpuscles  are  each  developed  from  special 
corpuscles,  and  that,  in  fact,  they  are  developed  independently  of  each  other  (p.  13).] 

(4)  Contraction. — In  virtue  of  the 
plain  muscular  fibres  in  its  capsule  and 
trabeculse,  the  spleen  undergoes  varia- 
tions in  its  volume.  Stimulation  of 
the  spleen  or  its  nerves,  by  cold, 
electricity,  quinine,  eucalyptus,  ergot 
of  rye,  and  other  "splenic  reagents" 
causes  it  to  contract,  whereby  it 
becomes  paler,  and  its  surface  may 
even  appear  granular.  After  a  meal, 
the  spleen  increases  in  size,  and  it  is 
usually  largest  about  five  hours  after 
digestion  has  begun,  i.e.,  at  a  time 
when  the  digestive  organs  have  almost 
finished  their  work  and  have  again 
become  less  vascular.  After  a  time 
it  regains  its  original  volume.  For 
this  reason  the  spleen  was  formerly 
regarded  as  an  apparatus  for  regulat- 
ing the  amount  of  blood  in  the 
digestive  organs.  [The  congestion 
of  the  spleen  after  a  meal  is  more 
probably  related  to  the  formation  of 
new  colourless  corpuscles  than  to  the  destruction  of  red  corpuscles.  It  may  be, 
however,  that  some  of  the  products  of  digestion  are  partially  acted  upon  in  the 
spleen,  and  undergo  further  change  in  the  liver.]    There  is  a  relation  between  the 
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Fig.  138. 

Roy's  Oncometer  for  the  spleen.    T,  T,  tubes  to 
be  connected  to  the  oncograph. 
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enlarged 


the  spleen 
as  if  it 


size  of  the  spleen  and  that  of  the  liver,  for  it  is  found  that  when 
contracts— e.^^.,  by  stimulation  of  its  nerves— the  liver  become; 
Avere  injected  with  more  blood  than  usual  (Droscloio). 

[Oncograph. — Botkin,  and  more  recently  Roy,  have  studied  various  conditions 
which  affect  the  size  of  the  spleen. 
Roy  enclosed  the  spleen  of  a  dog  in 
•a  box  with  rigid  walls  (figs.  138,  139) 
the  oncometer  (oy/cos,  volume)  and 
filled  with  oil  after  the  manner  of 
the  Plethysmograph  (§§  101,  276). 
Any  variations  in  the  size  of  the 
organ  caused  a  variation  in  the 
amount  of  oil  within  the  box,  and 
these  variations  were  recorded  by 
means  of  the  oncograph  (§  276). 
The  blood-pressure  was  recorded  at 
the  same  time.  The  circulation 
through  the  spleen  is  peculiar,  and 
is  not  due  to  the  blood-pressure 
within  the  arteries,  but  is  carried  on 
chiefly  by  a  rhythmical  contraction 

of  the  muscular  fibres  of  the  cap-  "^"ii. -  -  

sule  and   trabeculse.     The   spleen  ^ig.  139. 

undergoes  very  regular  rhythmical  Fig.  138  slioun  open, 

contractions  (systole)  and  dilatations 

(diastole).  This  alternation  of  systole  and  diastole  may  last  for  hours,  and  the 
two  events  together  occupy  about  one  minute  (fig.  140).    Changes  in  the  arterial 


Fig.  140. 

Tracing  of  a  splenic  curve,  reduced  one-half,  taken  with  the  oncograph.  The  upper  line  with 
large  waves  is  the  splenic  curve,  each  ascent  corresponds  to  an  increase,  and  each  descent 
to  a  diminution  in  the  volume  of  the  spleen.  The  curve  beneath  is  a  blood-pressure 
tracing  from  the  carotid  artery.  The  lowest  line  indicates  the  time,  the  interruptions 
of  the  marker  occurring  every  two  seconds.  The  vertical  lines,  a  and  h,  give  the  relative 
positions  of  the  lever-point  of  the  oncograph,  and  of  the  point  of  the  recording  style  of  the 
kymograph  respectively  {Roy). 

blood-pressure  have  comparatively  little  influence  on  the  volume  of  the  spleen. 
The  rhythmical  contractions,  although  modified,  still  go  on  after  section  of  the 
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splenic  nerves.    This  would  seem  to  indicate  that  the  spleen  has  an  independent 
(nervous)  mechanism  within  itself,  causing  its  movements.] 

[Influence  of  Nerves. — Section  of  tlie  splenic  nerves  is  followed  by  an  increase 
in  the  size  of  the  spleen.  The  nerves  have  their  centre  in  the  medulla  oblongata. 
Stimulation  of  the  medulla  oblongata,  either  directly  or  by  means  of  asphyxiated 
blood,  causes  contraction  of  the  spleen,  hence  the  spleen  is  "  small  and  contracted  " 
in  death  from  asphyxia.  The  fibres  proceed  down  the  cord,  and  leaving  it  in  the 
dorsal  region,  enter  the  deft  splanchnic,  pass  through  the  semi-lunar  ganglion,  and 
thus  reach  the  splenic  plexus.  Stimulation  of  the  peripheral  ends  of  these  nerves 
causes  contraction  of  the  spleen,  and  so  does  cold  applied  to  the  spleen  directly  or 
over  the  region  of  the  organ.  In  the  last  case  the  result  is  brought  about  reflexly. 
Botkin  found  that  the  application  of  the  induced  current  to  the  skin  over  the 
spleen,  in  a  case  of  leukaemia,  caused  well-marked  contraction  of  the  spleen  in  all 
its  dimensions,  and  the  result  lasted  some  time.  After  every  stimulation  the 
number  of  colourless  corpuscles  in  the  blood  increased,  and  the  condition  of  the 
patient  improved.] 

[There  is  a  popular  notion  that  the  spleen  is  influenced  by  the  condition  of  the 
nervous  system.  Botkin  found  that  depressing  emotions  increased  its  size,  while 
exhilarating  ideas  diminished  it.  The  causes  of  these  changes  are  referable  not 
only  to  changes  in  the  amount  of  blood  in  the  spleen,  but  also  to  the  greater  or  less 
degree  of  contraction  of  its  muscular  tissue.  And  it  would  appear  that,  like  the 
small  arteries,  the  muscular  tissue  of  the  spleen  is  in  a  state  of  tonic  contraction. 
The  size  of  the  spleen  may  be  influenced  reflexly.  Thus,  Tarchanoff  found  that 
stimulation  of  the  central  end  of  the  vagus,  when  the  splanchnics  were  intact, 
caused  contraction  of  the  spleen,  while  stimulation  of  the  central  end  of  the  sciatic 
also  caused  contraction,  but  to  a  less  degree.  It  is  quite  certain  that  all  the 
phenomena  are  not  due  to  the  action  of  vaso-motor  nerves  on  the  splenic  blood- 
vessels. There  is  a  certain  amount  of  independent  action  of  the  muscular  fibres  of 
the  organ,  and  it  is  not  improbable  that  the  innervation  of  the  spleen  is  similar  to 
the  innervation  of  arteries,  and  that  it  has  a  motor  centre  in  the  cord  capable  of 
being  influenced  reflexly  by  afi'erent  nerves,  while  it  also  sends  out  efi'erent  impulses.] 
[Stimulation  of  (1)  the  central  end  of  a  sensory  nerve  ;  (2)  of  the  peripheral  ends 
of  both  splanchnics ;  (3)  of  the  peripheral  ends  of  both  vagi,  causes  contraction  of 
the  spleen.  But  even  after  section  of  the  splanchnics  and  vagi,  stimulation  of  a 
sensory  nerve  still  causes  contraction,  so  that  there  must  be  some  other  channel  as 
yet  unknown  {Roy).  Bochefontaine  found  that  electrical  stimulation  of  certain 
parts  of  the  cortex  cerebri  produced  contraction  of  the  spleen.]  Sensory  nerves 
seem  to  occur  only  in  the  peritoneum  covering  the  spleen. 

Pressure  on  the  splenic  vein  causes  enlargement  of  the  spleen,  hence  increased  pressure  in 
this  vein  (congestion  of  the  portal  vein,  cessation  of  hieniorrhoidal  and  menstrual  discharges) 
also  causes  its  enlargement.  With  regard  to  the  action  of  "splenic  reagents,"  such  as  quinine, 
on  the  contraction  of  the  spleen,  Binz  is  of  opinion  that  this  drug  retards  the  formation  of  the 
colourless  blood- corpuscles,  so  that  its  chief  function  is  interfered  with,  and  the  organ  becomes 
less  vasculas.  It  is  not  definitely  decided,  however,  whether  it  is  contraction  or  dilatation  ,  of 
the  spleen  that  alters  the  proportion  of  red  and  white  corixxscles  in  the  blood.  _   .  „ 

Splenic  Tumours,  —The  increase  in  size  of  the  spleen  in  various  diseases  early  attracted  the 
attention  of  physicians.  The  healthy  spleen  undergoes  several  variations  in  volume  during 
the  course  of  a  day,  corresponding  with  the  varying  activity  of  the  digestive  organs.  In  this 
respect  the  spleen  resembles  the  arteries.  In  many  fevers  the  spleen  becomes  greatly  enlarged, 
probably  due  to  paralysis  of  its  nerves.  It  is  greatly  increased  in  intermittent  fever  or  ague, 
and  often  during  the  course  of  typhus.  When  it  becomes  abnormally  enlarged,  and  remains  so 
after  repeated  attacks  of  ague,  it  is  greatly  hypertrophied,  and  constitutes  "ague  cake." 
In  cases  of  splenic  leukaemia  it  is  greatly  enlarged,  and  at  the  same  time  there  is  a  great 
increase  in  the  number  of  colourless  corpuscles  in  the  blood  and  also  a  decrease  of  the  coloured 
ones  (§  10). 

II.  The  Thymus.— During  foetal  life  this  gland  is  largely  developed,  and  it 
increases  during  the  first  two  or  three  years  of  life,  remaining  stationary  rmtil  the 


Sec.  103.] 


STRUCTUKE  OF  THE  THYMUS  «LAND. 


tenth  or  fourteenth  year,  when  it  begins  to  atrophy  and  undergo  fatty  degeneration, 
[The  degeneration  begins  at  the  outer  part  of  each  lobule  and  progresses  inwards 
{His).  Waldeyer  finds  that  even  in  the  oldest  person  the  thymus  is  always  repre- 
sented by  a  mass  of  fat,  at  least  as  large  as  the  thymus  at  birth,  and  always  con- 
taining some  adenoid  tissue  either  in  a  diffuse  or  nodular  form.] 

Structure. — "It  consists  of  an  aggregation  of  lymph-follicles  "(resembling  the 
glands  of  Peyer)  or  masses  of  adenoid  tissue  held  together  by  a  framework  of 
connective-tissue  which  contains  blood-vessels, 
lymphatics,  and  a  few  nerves  (fig.  141).  The 
framework  of  connective-tissue  gives  off  septa 
which  divide  the  gland  into  lobes,  these  being 
further  subdivided  by  finer  septa  into  lobules, 
the  lobules  being  separated  by  fine  intra-lobular 
lamellae  of  connective- tissue  into  follicles  (0-5- 
1-5  mm.).  These  follicles  make  up  the  gland- 
substance,  and  they  are  usually  polygonal  when 
seen  in  a  section.  Each  follicle  consists  of  a 
cortical  and  a  medullary  part,  and  the  matrix 
or  framework  of  both  consists  of  a  fine  adenoid 
I'eticulum  whose  meshes  are  filled  with  lymph- 
corpuscles"  (fig.  142,  a).]  Many  of  these  cor- 
puscles exhibit  various  stages  of  disintegration. 
In  the  medulla  are  found  the  concentric  cor- 
puscles of  Hassal.  ["They  consist  of  a 
central  granular  part,  around  which  are  dis- 
posed layers  of  flattened  nucleated  endothelial 
cells  arranged  concentrically.  When  seen  in 
a  section  they  resemble  the  '  cell-nests '  of 
epithelioma  (fig.  142,  h).  They  have  also  been  compared  to  similar  bodies  which 
occur  in  the  prostate.    They  are  most  numerous  when  the' gland  undergoes  its 


Fig.  141. 

Section  of  tlie  thymus  gland  of  a  cat,  with 
one  complete  lobule  with  a  cortical 
part  a,  and  a  centre,  h.  a,  lymphoid 
tissue ;  c,  blood-vessels  injected ;  d, 
connective-tissue. 


the  thymus  of  the 


frog 


retrograde  metamorphosis."  Sig.  Mayer  finds  that 
contains  structures,  with  transverse  markings,  identical 
with  the  stripes  of  striped  muscular  fibres.  The  struc- 
tures are  identical  with  those  called  "sarcoplasts  "  by 
Margo  and  Paneth,  and  "  sarcolytes  "  by  Sig.  Mayer. 
They  also  occur  in  large  numbers  in  the  tail  of  the 
larvae  of  batrachians,  when  the  tail  is  undergoing  a 
retrograde  metamorphosis.] 

Simon,  His,  and  others  described  a  convoluted  blind 
canal,  the  "  central  canal,"  as  occurring  within  the 
gland,  and  on  it  the  follicles  were  said  to  be  placed. 
Other  observers,  Jendrassik  and  Klein,  either  deny  its 
existence  or  regard  it  merely  as  a  lymphatic  or  an  arti- 
ficial product.  Numerous  fine  lymphatics  penetrate 
into  the  interior  of  the  organ,  and  many  are  distributed 
over  its  surface,  but  their  mode  of  origin  is  unknown. 
[They  seem  to  be  channels  through  which  the  lymph- 
corpuscles  are  conveyed  away  from  the  gland.]  N^umerous  biood-vessels  are  also 
distributed  to  the  septa  and  follicles  (fig.  141,  c). 

Chemical  Composition. — Besides  gelatin,  albumin,  soda-albumin,  there  are  sugar  and  fat, 
leuciu,  xanthin,  hypoxanthin,  formic,  acetic,  butyric,  and  succinic  acids.  Potash  and  phosphoric 
acid  are  more  abundant  in  the  ash  than  soda,  calcium,  magnesium  (?  ammonium),  chlorine,  and 
sulphuric  acid. 

Function  of  the  Thymus,  — As  long  as  it  exists,  it  seems  to  perform  the  functions  of  a  true 
lymph -gland.    This  view  is  supported  by  the  fact  that  in  reptiles  and  amphibians,  which  do  not 


Fig.  142. 

Elements  of  the  thymus 
(  X  300).  a,  lymph-corpus- 
cles; h,  concentric  corpuscle 
of  Hassall. 
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possess  lymph-glands,  the  thymus  remains  as  a  permanently  active  organ.  [Extirpation  gave 
few  positive  results,  but  chemical  investigation  shows  that  the  parenchyma  contains  a  large 
number  of  products  indicating  considerable  metabolic  activity  {Friedleben).] 

[Development  of  the  Thymus.— The  thymus  is  the  organ  which  earliest  shows  the  structure  ol 
adenoid  tissue,  both  in  the  ontogeny  of  individual  mammals  and  in  the  phylogeny  of  the 
vertebrates.  In  man  His  maintains  that  it  is  derived  from  the  epithelium  covering  the  fourth, 
third  and  part  of  the  second  branchial  cleft,  which  becomes  compressed  m  the  angle  between  tlie 
head  and  neck.  (More  recent  observers— Kastochenko  and  others— have  thrown  some  doubt  on 
the  correctness  of  His's  observations;  probably  there  are  considerable  dillerences  in  diHerent 
classes  of  vertebrates,  but  all  are  now  agreed  that  the  original  thymus  is  an  epithelial  organ 
mainly  derived  from  the  ei.ithelium  covering  the  gill-clefts.)  The  tube  of  epithelium— sinus 
prsecervicalis-so  formed  grows  inwards,  branching  dichotomously,  and  ramifying  m  tlie 
connective-tissue  behind  the  sternum,  just -above  the  pericardium  The  cells  fornnng  it  grovv 
inwards  and  fill  up  the  lumen  of  the  "gland,"  and  at  last  of  the  duct  also.  By  this  epithelial 
ingrowth  the  same  condensation  of  connective-tissue  is  brought  about  as  m  the  tonsil  and  m 
the  same  way  blood-vessels  appear  in  large  numbers,  and  leucocytes  begin  to  wander  out  of  tlie 
vessels,  are  detained  in  the  meshes  of  the  connective-tissue,  and  invade  the  nearly  functionless 
epithelial  gland  lobules.  The  cells  of  the  latter  p-roliferate,  and  the  older  cells  of  the  lobule  are 
pushed  to  the  centre,  become  cornified,  and  present  very  much  the  appearance  of  the  celi-nests 
of  an  eiiithelioma,  forming  the  so-called  '  concentric  corpuscles  of  Hassall,"  \\  hile  the  leuco- 
cytes soon  eat  away  the  majority  of  the  epithelial  cells,  and  break  the  continuity  of  tlie 
epithelial  tubes,  these  cornified  structures  long  resist  their  attacks,  and  the  thymus  always 
retains  the  lobular  character  imparted  to  it  by  its  epithelial  precursor  The  leucocytes  divide 
rapidlv  liv  mitosis  in  the  connective-tissue  surrounding  these  epithelial  remains,  tliougti  no 
true  ''  germ-centres"  are  ever  formed.  The  complete  removal  of  the  "concentric  corpuscles 
bv  the  leucocytes  leads  to  the  disappearance  of  the  latter,  and  the  appearance  of  fat  in  the 
position  of  the  thymus  ;  but  Waldeyer  has  recently  shown  that  the  outward  form  of  the  tliymus 
is  always  preserved  in  this  fatty  mass,  and  that  it  is  always  possible  to  demonstrate  microsco})!- 
cally  in  some  part  of  it  a  remaining  leucocyte  infiltration,  and  wherever  this  is  at  ail  well 
marked  it  will  be  found  to  surround  a  surviving  "  concentric  corpuscle    (6r.  L.  h-iUtand).\ 

III.  The  Thyroid.  Structure. — The  gland  consists  of  lobes  and  lobules  held 

too-ether  by  connective-tissne  rich  in  cells.  Each  lobule  is  made  up  of  numerous 
completely  closed  sacs  (0-04  to  0-1  mm.  in  diameter),  which  m  the  embryo_  and 
the  newly-born  animal  are  composed  of  a  membrana  propria  lined  by  a  single 
layer  of  nucleated  cubical  cells  (fig.  143).  The  sacs  contain  a  transparent,  viscid, 
albuminous  fluid.  [Not  unfrequently  the  sacs  contain  many  coloured  blood- 
corpuscles  {Bnher).]  Each  sac  is  surrounded  by  a  plexus  of  capillaries  which  do 
not  penetrate  the  membrana  propria.  There  are  also  numerous  lymphatics. 
At  an  early  period  the  sacs  dilate,  their  cellular  Hning  atrophies,  and  their  contents 
undergo  colloid  degeneration.  When  the  gland-vesicles  are  greatly  enlarged, 
"  goitre  "  is  produced. 

The  chemical  composition  of  this  gland  has  not  been  much  investigated.  In  addition  to 
the  ordinary  constituents,  leucin,  xanthin,  sarkin,  lactic,  succinic,  and  volatile  fatty  acids  have 
been  found. 


[Excision. -The  effects  differ  according  to  th^  animnl  operated  on^  Thi^s^gW 
Lcised  in  tl 

orSor'tirerefoVeTs' highl/  questional^^^  when  performed  on  man.  Rabbits  endure  the 
operation  well,  and  so  do  the  sheep,  calf,  and  horse,  none  of  the  remarkable  symptoms  that 


excised  in  the  human  subject  in  cases  of  goitre.  Eeverdin  pointed  out  f.hat  a  peculiar  conditioii 
results  called  cachexia  stumipriva,  and  practically  the  human  being  becomes  a  cretin,  iius 
'  .    ,  .  ,  ,  ,.      IT       1   f„„™,.j   —  -^^nr^     Rabbits  endure  tiie 


occur  in  the  dog  and  monkey  being  manifested  by  them.  In  pigeons  no  obvious  .listnrhance  is 
produced  after  bilateral  excision  of  these  glands,  so  that  they  do  not  appear  to  perform  any  import- 
ant function  in  these  animals  {R.  Eivald).  Of  dogs,  cats,  and  foxes,  only  a  very  small  number 
survive  ;  nearly  all  die.  It  appears  therefore  that  herbivora  bear  the  operation  and  suffer  fe^^  ei 
after-effects  than  Carnivora  {Sanquirico  and  Orecchia).  The  immediate  efiects  are  fibrillar 
contractions,  which  ultimately  infiuence  the  gait  of  the  animals,  convulsions,  ^'Iff^^'^l  ^^^l 
diminution  of  sensibility,  loss  of  flesh,  redness  of  the  ears,  and  intense  heat  of  the  skm  (which 
disappear  after  several  days),  difficulty  in  seizing  and  eating  food,  kerato-conjunctivitis,  and 
frequently  disturbance  of  the  rhythm  of  respiration  with  dyspncea  and  spasms  of  the  abdommal 
muscles  (sdiiff).  The  arterial  blood  contains  about  the  same  amount  of  0  as  venous  blood 
Certain  parts  of  the  peripheral  nerves  undergo  a  kind  of  degeneration  similar  to  that  found 
afterTer?e-stretching.^  There  is  albuminuria  and  fall  of  the  blood-pressure.  Death  usually  occurs 
between  the  third  and  fourth  day,  the  animals  being  comatose  (  Wagnei^.  .^f^lt^'fJ^  lil 
one-half  of  the  gland  was  excised  at  once,  and  the  other  half  a  month  afterwaids,  death  did 
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not  occur  ;  but  Wagner  denies  tliis,  for  he  asserts  that  the  remaining  half  hypertrophies,  and 
if  it  be  excised,  deatli  occurs  with  the  usual  symptoms.  In  monkeys,  five  days  after  the 
operation,  there  are  symptoms  of  nervous  disturbance.  The  aniinals  have  lost  their  appetite, 
there  are  fibrillar  contractions  of  the  muscles  of  the  face,  hands,  and  feet,  but  the  tremors 
disappear  on  voluntary  efibrt.  The  appetite  returns  and  is  increased,  but  notwithstanding,  the 
animal  grows  thin  and  pale  ;  while  the 
tremors  inci-ease  and  afiect  all  the  muscles 
of  the  body.  These  tremors  are  of  central 
origin,  because  they  disappear  on  dividing 
the  nerve.  Thus  there  is  profound  altera- 
tion of  the  motor  powers.  Amongst  the 
outward  symptoms  are  puffiness  of  the  eye- 
lids, swelling  of  the  abdomen,  increased 
hebetude  and  dyspnoea,  while  afterwards 
there  is  a  fall  of  the  temperature  and  im- 
becility ;  the  tremors  disappear,  there  is 
a  palor  of  the  skin,  and  ultimately,  after 
five  to  seven  weeks,  the  animals  die  com- 
atose. Thus  there  is  slow  onset  of  hebe- 
tude, terminating  in  imbecility.  Very 
remarkable  changes  occur  in  the  blood. 
There  is  a  steady  fall  of  the  blood-pres- 
sure ;  a  diminution  of  the  red  blood-cor- 
puscles, or  rather  profound  anaemia  ; 
leucocythsemia,  the  colourless  corpuscles 
being  increased  to  the  ratio  of  four  to 
fourteen  ;  and  lastly  mucin  is  present  in 
the  blood,  although  noi-mally  it  is  not  so. 
The  salivary  glands  are  hypertrophied, 
owing  to  the  presence  of  mucin,  which  is 
found  even  in  the  parotid,  although  this 
is  normally  a  serous  gland  (§  141).  The 
swelling  of  the  abdomen  is  due  to  hy^^er- 
trophy  of  the  great  omentum.  Mucin  is  found  in  the  peritoneal  fluid,  and  the  spleen  is  also 
enlarged.  Thus  these  symptoms  present  many  features  in  common  with  those  of  myxoedema 
as  described  by  Ord  {v.  Horsley).] 

[Stages. — Horsley  distinguishes  three  stages.  In  the  first  or  neurotic  stage,  the  animals 
exhibit  constant  tremors,  8  per  second,  and  young  animals  do  not  appear  to  survive  this  stage. 
In  the  second  or  mucinoid  stage,  mucin  is  deposited  in  the  tissues  and  blood  ;  this  change, 
however,  is  only  seen  to  perfection  in  monkeys.  If  these  animals  be  kei)t  at  a  high  artificial 
temperature,  their  life  is  considerably  prolonged.  In  the  third,  atrophic  or  marasmic  period, 
the  animals  die  of  marasmus,  while  they  lose  their  excess  of  mucin.  Age  seems  to  exert  an 
important  influence_  in  thyroidectomy;  young  dogs  survive  but  a  short  time,  while  old  dogs 
merely  exhibit  symptoms  of  indolence  and  incapacity  ;  and,  as  a  matter  of  fact,  the  activity  of 
the  gland  seems  to  be  most  active  wdien  tissue-metabolism  is  most  active.] 

The  following  table,  after  Horsley,  indicates  the  symptoms  that  follow  loss  of  the  function 
of  the  thyroid  gland. 


Fig.  143. 

Section  of  the  thyroid  gland,  a,  closed  vesicles  ; 
b,  distended  liy  colloid  masses  and  lined  by  low 
columnar  epithelium  ;  c,  inter-vesicular  con- 
nective tissue. 


Stages. 

Duration. 

I.  Neurotic. 

1  to  2  weeks  in  dogs  ; 

1  to  3  weeks  in 

monkeys. 

II.  Mucinoid. 

J  to  1  week  in  dogs  ; 

3  to  7  weeks  in 

monkeys. 

III.  Atrophic. 

5  to  8  weeks  in  mon- 

keys. 

Symptoms. 


Tremors,  rigidity,  dysp- 
noea. 

Commencing  hebetude 
and  mucinoid  degen- 
eration of  the  connec- 
tive-tissues. 

Complete  imbecility  and 
atrophy  of  all  tissues, 
especially  muscles. 


Young  dogs  and  monkeys 
alike  die  in  this  sta^e. 


survive  only  to  the 
beginning  of  this  stage  ; 
monkeys  die  at  the  end, 
if  not  treated. 
Monkeys  survive  accord- 
ing to  the  temperature 
of  the  air-bath.  ] 


Functions. — The  functions  of  the  thyroid  gland  are  very  obscure.  Perhaps  it  may  be  an 
apparatus  for  regulating  the  blood- supply  to  the  head(?).  It  becomes  enlarged  in  Basedow's 
(Üsease,  in  which  there  is  great  palpitation,  as  well  as  protrusion  of  the  eyeballs  or  exophthalmos, 
which  seem  to  depend  upon  a  simultaneous  stimulation  of  the  accelerating  nerve  of  the  heart, 
and  the  sympathetic  fibres  of  the  smooth  muscles  in  the  orbital  cavity  and  the  eyelids,  as  well 
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myxcBdema  and  -^^'^'^^-J^^l^^^f '^J;^^^^  \L  view.  During  the  ana,mk 
poietic  fvinctioii,  but  ™r  ?°  .«^e^  vein  contains  7  per  cent,  more  red  blood- 
resulting  from  Its  removal,  ^^^^^ll"^"^*^^^  %)  n  seems  to  regulate  the  formation  of 
Än\,h"  TfÄ;:?ro^'lr(lS  nitlboli^  no  Lger  maintained,  and 
rel''.cor,.spfdi„gin«.eag,glydef^^^ 

According     .R'Srif^'';^^^^^^^^^^^  act  as  a  roison  on  the  central  nervous  system, 

in  the  body,  ^vluch,  'yt^-f  '  p"rt  of  the  thyroid  of  animals  has  been  transplanted  to 

thfÄrrity  and  Äh7sSn,°hS  apparently,  when  so  transplanted,  fails  to 

hraies  it  is  ™  organ  which  has  undergone  a  retrograde  change  {Oegenhau,). 

IV  The  Suprarenal  Capsules.-Structure.-These  organs  are  i"™^*«"!  a 
fV^  n  ^isule  which  sends  processes  into  the  substance  of  the  organ.    They  con- 

f  nfT.  oateXS  or  cortical  layer  and  an  inner  (narrow)  or  meduUary 
sist  of  an  outer  (bioM)  or  yellowish  in  colour,  firm  and  striated,  whüe  the 
X^i^'Jtetlnd'^d^r^^^^^^^  outermost '.one  of  the  cortex  (fig.  145). 

t  tr^ecute  form  polygonal  meshes,  which  contain  the  cells  of   «re  gland- 

^iES^Ä-t  tÄ 

^i^e  Ä  zC  or  zoka  fasciculata,  while  next  the  medulla  is  the  zona  reticu- 
larisTfir  USn  In  the  medvdla  the  stroma  forms  a  reticulum  contanung  groups 
of  ee  ls  of  very  irregular  shape.  Numerous  blood-vessels  occur  in  the  gland 
of  cells  01  veiy  lue  uic        f  „,,„  extremely  numerous,  and  are  derived 

especially  in  the  cortex     [The  newes  a^^^^^  rf*  the  fibres  are  m'eduUated.  After 

Subtly,  —  'erve-cells  exist  within  the  gland.] 

Chemical  composition    The  ^ 
iTa^LtÄcS^sTJ^meÄ^^^^  Amongst  inorganic  substances  potash  and 

phosphoric  acid  are  ■f"'*' ''''»"!^d"pellacani  showed  that  a  watery  extract  of  the  supra-renal 
ca;~^isrrÄ,Ä»äVts     Harino-zuco  hJs  shown  that  the  toxic  base 

Ätion  Of  the  sup^r^^  ^^^^^^ 
Addison's  disease,  or  'bronzed  skm,  «h>7  3^^^^^    Esed    Owing  to  the  injury  to  adjacent 
have  frequently,  but  not  mvariably,  been  fom^  S   j        Val ;  in  dogs 

abdominal  organs,  extirpation  of  these  o>g»ns  «^j^     [Tizzoni  has  found  that 

pigmented  patches  have  been  found      t^,«  "»''^^^^^^^  and  rabbits,  there  is  a  pro- 

mSnv  months  after  the  excision  of  one  or  both  ^P'"'^^^'^^  „f  the  meduUated  nerve- 

found  alteration  of  the  central  nf-™"'/^^ f^'^Xrand  also  grey  and  white  matter  of 

fibres  of  certain  parts  of  the  cortex  ^^^^^  tj^X  affected  b.rt  ?he  degenerated  fibres  are  by  no 
^tSlnfilÄf  t^^^^^äZAfX'^—^  in  preventing  the  over- 

^:^'^::^7ST^.Z"^^^vS:^^^°^'^^'  3.i„  and  mucous  membranes. 
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Taurocliolic  acid  has  been  found  in  the  medulla  by  Vulpian,  and  pyro-catechin  by  Krukenberg. 
MacMunn  believes  that  "  they  have  a  large  share  in  the  downward  metamorphosis  of  colouring 
matter."] 

V.  Hypophysis  Cerebri — Coccygeal  and  Carotid  Glands. — The  hypophysis 
cerebri,  or  pituitary  body,  consists  of  an  anterior  lower  or  larger  lobe,  partly 
embracing  the  posterior  lower  or  smaller  lobe.  These  two 
lobes  are  distinct  in  their  structure  and  development.  The 
posterior  lobe  is  a  part  of  the  brain,  and  belongs  to  the 
infundibulum.  The  nervous  elements  are  displaced  by  the 
ingrowth  of  connective-tissue  and  blood-vessels.  The 
anterior  portion  represents  an  inflected  and  much  altered 
portion  of  ectoderm,  from  which  it  is  developed.  It  con- 
tains gland-like  structures,  with  connective-tissue,  lymph- 
atics, and  blood-vessels,  the  whole  being  surrounded  by  a 
capsule.  According  to  Ecker  and  Mihalkowicz,  it  resembles 
the  suprarenal  capsule  in  its  structure,  while,  according  to 
other  observers,  in  some  animals  it  is  more  like  the  thyroid. 
Its  functions  are  entirely  unknown. 

[Excision, — Horsley  has  removed  this  gland  twice  siiccessfiillj'  in 
dogs,  which  lived  from  five  to  six  months.  No  nervous  or  other 
symptoms  were  noticed,  but  when  the  cortex  of  the  brain  was  exposed 
and  stimulated,  a  great  increase  in  the  excitability  of  the  motor  regions 
was  induced,  even  slight  stimulation  being  followed  by  violent  tetanus 
and  prolonged  epilepsy.  ] 

Coccygeal  and  Carotid  Glands, — The  former,  which  lies  on  the  tip  of  the  coccyx,  is  composed 
to  a  large  extent  of  plexuses  of  small,  more  or  less  cavernous  arteries,  supported  and  enclosed 
by  septa  and   a  capsule  of  .  


Cortex.    Medulla.  Vein. 

Fig.  144. 

Part  of  the  supra-renal 
capsule  of  a  child  x  15, 


connective-tissue  {Ltischka). 
Between  these  lie  polyhedral 
granular  cells  arranged  in  net-  Zona  glomeralosa. 
works.  The  carotid  gland  has 
a  similar  structure  (p.  90). 
Their  functions  are  quite  un- 
known. Perhaps  both  organs 
may  be  regarded  as  the  remains  Z.  fasciculata. 
of  embryonal  blood-vessels 
{Arnold). 


104.     COMPARATIVE.  — 

The  heart  in  fishes  (fig.  146, 
I. ),  as  well  as  in  the  larvae  of 
amphibians  with  gills,  is  a 
simple  venous  heart,  consist- 
ing of  an  auricle  and  a  ven- 
tricle. The  ventricle  propels 
the  blood  to  the  gills,  where  it 
is  oxygenated  ( arter ialised)  ; 
thence  it  passes  into  the  aorta 
to  be  distributed  to  all  parts 
of  the  body,  and  returns 
through  the  capillaries  of  the 
body  and  the  veins  to  the 
heart.  The  amphibians  (frogs) 
have  two  auricles  and  one 
ventricle  (Frog,  XL).  From 
the  latter  there  proceeds  one 
vessel  which  gives  off"  the  pul- 
monary arteries,  and  as  the 
aorta  supplies  the  rest  of  the 
body  with  blood,  the  veins  of 


Z.  reticularis. 


Strands  of  cells  of 
the  marrow. 


T.S.  of  a  nerve. 


Ganglionic  cells. 

T.S.  bundles  of 
smooth  muscle. 


Capsule. 


Vortex. 


^  Medulla. 


T.S. 


Fig.  145. 

human  supra-renal  capsule 


50. 


the  systemic  circulation  carry  their  blood  to  the  right  auricle,  those  of  the  lung  into  the  left 
auricle.    In  fishes  and  amphibians  there  is  a  dilatation  at  the  commencement  of  the  aorta,  the 
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hulbus  arteriosus  which  is  partly  provided  with  strong  muscles.  The  reptiles  (IIL )  possess  two 
SiatraSe^  and  two  imperfectly  separated  ventricles.  The  aorta  and  puliironary  artery  arise 
seSely  from  the  latter  two^hambers.'^  The  venous  blood  of  the  systemic  and  pulmonary  circu- 
Sns  flows  separately  into  the  right  and  left  auricles  and  the  two  «Creams  are  mixed  in  the 
venScle.  In  some  reptiles  the  opefiing  in  the  ventricular  septum  seems  capab  e  of  ^^emg  closed 
The  complete  separation  of  the  ventricle  into  two  is  seen  m  fig  IV.,  in  the  tortoise  The  lowei 
^  ^  vertebrates  have  valves  at  the  orifices  of  the  vense  caves,  which  aie  ludi- 
m  ntary  in  birds  and  some  mammals.  All  birds  and  mammak  have  two 
completely  separate  auricles  and  two  separate  ventricles  In  the  halicoie 
the  apex  of  the  ventricles  is  deeply  cleft.  Some  animals  have  accessoiy 
hearts,  e.g.,  the  eel  in  its  caudal  vein.  They  are  very  P^bably  lymph-heaits 
Z   ).   The  veins  of  the  wing  of  the  bat  pulsate  The  lowest  verte- 

/  brate,  amphioxus,  has  no  heart,  but  only  a  rhythmically-pulsating  vessel. 


Fig.  146. 

Schemata  of  the  circulation.    I.  Fish.-A,  auricle  ;  ^S',  sinus  venosus  ;  V,  ventricle  ;  B,  bulbus 
aoi  t^  c  ra^chiS  a  ieries  ;  i,  branchial  vessels  ;  Fv,  brancliial  vems  ;  L\  circulus  cephah- 
Ts  ao^tS  rrcommon  aorta  ;  'g,  caudal  arteiy  -  E   duct  o   Cu^ier  ;  /,  f^^ 
posterior  cardinal  veins  ;  L,  caudal  vem  ;  M  M  kidneys.    II.  .,^^7^r^;i w  3« 
and  III,  right  and  left  auricles  ;  IV,  ventncle  ;  V,  aorta  ^  t^i  ^he  bulb    1  f^^^^^^J 
arteries  '  2   arch  of  the  aorta  ;  3,  carotid  ;  4,  lingual ;  5,  carotid  gland,  and  b,  axiijaiy 
arter  es  •  7  common  aorta  ;  8,  coeliac  artery  ;  9,  cutaneous  artery  ;         pulmonary  veins  ; 
«  riun/s'    Ul   Syrians  -I,  right  auricle,  with  the  ven^e  cav^  ;  II,  right  ventricle  ; 
^lll   M?Licle'  fr  rVen  riefe  ;  V,  anterior  common  aorta;  1,  pulmonary  artery, 
2    arch  of  the  aorta  -  3,  carotid  artery  ;  4,  posterior  common  aorta  ;  5,  ccBliac  and  6 
sAbdtiaii  artÄ  i^ilmonary  veiil;  8,  luiigs.  }^ '„^^^1^^^^^ 
tVip  veinre  cavai-  II,  right,  and  IV,  left  ventvioles ;  III,  leit  auncle  ,  i  ana 
and  left  aortJTs/pUefior^ommon^a^^^      4,  celiac,  5,  subelav.an,  6,  carotid,  and  /, 
pulmonary  arteries  ;  8,  pnlmonary  veins. 
Amongst  blood-glands,  the  thymus  and  spleen  ocom-  throughout  the  vertehrata,  the  latter 

'ÄflntÖa^rÄ^^^^^ 

thwe  °  f  amongst  ecUnodermata  (star-fishes,  sea-urchms,  holothurians)  and  the  higher  woms 
TheÄ  have^a  pulsating  "  d,^ml  as  the  eentral  o'«^"      »^„^«X'  tlood  te^^^^^^ 

-pÄÄrr^^^^ 

drÄstr^Te1ÄÄv^^^^^ 

?he  o7oÄ  jiüee  into  ?he  tissues  (infusoria),  or  the  vaseular  apparatus  may  be  entirely  absent. 
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105.  HISTOKICAL  EETEOSPECT.  — The  ancients  held  various  theories  regarding  the 
movement  of  the  blood,  but  they  knew  nothing  of  its  circulation.  According  to  Aristotle 
(384  B.C.),  the  heart,  the  acropolis  of  the  body,  prepared  in  its  cavities  the  blood,  which 
streamed  through  the  arteries  as  a  nutrient  fluid  to  all  parts  of  the  body,  but  never  returned 
to  the  heart.  With  Herophilus  and  Erasistratus  (300  B.c.),  the  celebrated  physicians  of  the 
Alexandrian  school,  originated  the  erroneous  view  that  the  arteries  contain  air,  which  was 
supplied  to  them  by  the  respiration  (hence  the  name  artery).  They  were  led  to  adopt  this 
view  from  the  empty  condition  of  the  arteries  after  death.  By  experiments  upon  animals, 
Galen  disproved  this  view  (131-201  A.D.) — "Whenever  I  injured  an  artery,"  he  says,  "blood 
always  flowed  from  the  wounded  vessel.  On  tying  part  of  an  artery  between  two  ligatures,  the 
part  of  the  artery  so  included  is  always  filled  with  blood." 

Still,  the  idea  of  a  single  centrifugal  movement  of  the  blood  was  retained,  and  it  was  assumed 
that  the  right  and  left  sides  of  the  heart  communicated  directly  by  means  of  openings  in 
the  septum  of  the  heart,  until  Vesalius  showed  that  there  are  no  openings  in  the  septum.  Michael 
Servetus  (a  Spanish  monk,  burned  at  Geneva,  at  Calvin's  instigation,  in  1553)  discovered 
the  pulmonary  circulation.  Cesalpinus  confirmed  this  observation,  and  named  it  "  Circulatio." 
Fabricius  ab  Aquapendente  (Padua,  1574)  investigated  the  valves  in  the  veins  more  carefully 
(although  they  were  known  in  the  5th  century  to  Theodoretus,  Bishop  in  Syria),  and  he  was 
acquainted  with  the  centripetal  movement  of  the  blood  in  the  veins.  Up  to  this  time  it  was 
imagined  that  the  veins  carried  blood  from  the  centre  to  the  periphery,  although  Vesalius 
was  acquainted  with  the  centripetal  direction  of  the  blood-stream  in  the  large  venous  trunks. 
At  length  William  Harvey,  who  was  a  pupil  of  Fabricius  (1604),  demonstrated  the  complete 
circulation  (1616-1619),  and  published  his  great  discovery  in  1628.  [For  the  history  of  the 
discovery  of  the  circulation  of  the  blood,  see  the  works  of  Willis  on  "  W.  Harvey,"  "  Servetus 
and  Calvin,"  those  of  Kirchner,  and  the  various  Harveian  orations.] 

According  to  Hippocrates,  the  heart  is  the  origin  of  all  the  vessels  ;  he  was  acquainted  with 
the  large  vessels  arising  from  the  heart,  the  valves,  the  chordse  tendinese,  the  auricles,  and  the 
closure  of  the  semi-lunar  valves.  Aristotle  was  the  first  to  applj»-  the  terms  aorta  and  vense 
cavse  ;  the  school  of  Erasistratus  used  the  term  carotid,  and  indicated  the  functions  of  the 
venous  valves.  In  Cicei^o  a  distinction  is  drawn  between  arteries  and  veins.  Celsus  mentions 
that  if  a  vein  be  struck  below  the  spot  where  a  ligature  has  been  applied  to  a  limb,  it  bleeds, 
while  Aretaeus  (50  A.  D. )  knew  that  arterial  blood  was  bright,  and  venous  blood  dark.  Pliny  (t  79 
A.D.)  described  the  pulsating  fontanelle  in  the  child.  Galen  (131-203  A.D.)  was  acquainted 
with  the  existence  of  a  bone  in  the  septum  of  the  heart  of  large  animals  (ox,  deer,  elephant). 
He  also  su.rmised  that  the  veins  communicated  with  the  arteries  by  fine  tubes.  The  demon- 
stration of  the  capillaries,  however,  was  only  possible  by  the  use  of  the  microscope,  and 
employing  this  instrument,  Malpighi  (1661)  was  the  first  to  demonstrate  the  capillary  circula- 
tion. Leuwenhoek  (1674)  described  the  capillary  circulation  more  carefully,  as  it  may  be  seen 
in  the  web  of  the  frog's  foot  and  other  transparent  membranes.  Blanchard  (1676)  proved  the 
existence  of  capillary  passages  by  means  of  injections.  William  Cooper  (1697)  proved  that  the 
same  condition  exists  in  warm-blooded  animals,  and  Ruysch  made  similar  injections.  Stenson 
(born  1638)  established  the  muscular  nature  of  the  heart,  although  the  Hippocratic  and 
Alexandrian  schools  had  already  surmised  the  fact.  Cole  proved  that  the  sectional  area  of  the 
blood-stream  became  wider  towards  the  capillaries  (1681).  Joh.  Alfons  Borelli  (1608-1679)  was 
the  first  to  estimate  the  amount  of  work  done  by  the  heart. 


Physiology  of  Eespiration. 


The  object  of  respiration  is  twofold,  viz.,  to  supply  the  oxygen  necessary  for  the 
oxidation  processes  that  go  on  in  the  body,  as  well  as  to  remove  the  carbon 
dioxide  formed  within  the  body.  [Tissue-life  implies  the  continuous  and  constant 
supply  of  oxygen,  and  hence  in  mammals  and  the  higher  vertebrates  the  lungs 
are  relatively  very  large,  and  yield  a  free  supply  of  oxygen.]  The  most  important 
organs  for  this  purpose  are  the  lungs.  There  is  an  outer  and  an  inner  respiration 
—the  former  embraces  the  exchange  of  gases  between  the  external  air  and  the 
blood-gases  of  the  respiratory  organs  (lungs  and  skin)— the  latter,  the  exchange  ot 
gases  between  the  blood  in  the  capillaries  of  the  systemic  circulation  and  the 

tissues  of  the  body.  ,  -,        p  n 

[The  pulmonary  apparatus  consists  of  (1)  an  immense  number  of  small  sacs-— 
the  air- vesicles— filled  with  air,  and  covered  externally  by  a  very  dense  plexus  ot 
capillaries  ;  (2)  the  air-passages— the  nose,  pharynx,  larynx,  trachea  and  bronchi 
communicating  with  (1);  (3)  the  thorax  with  its  muscles,  acting  like  a  pair  ot 
bellows,  and  moving  the  air  within  the  lungs.] 

106  STRUCTURE  OF  THE  AIR-PASSAGES  AND  LUNGS.— The  lungs  are 
compound  tubular  glands,  which  separate  CO2  from  the  blood.  Each  lung  is  pro- 
vided with  an  excretory  duct  (bronchus)  which  joins  the  common  respiratory 
passage  of  both  lungs — the  trachea.  , 

Trachea  —The  trachea  and  extm-pulmonary  bronchi  are  similar  m  structure. 
The  basis  of  the  trachea  consists  of  16-20  C-shaped  incomplete  cartilaginous  hoops 
placed  over  each  other.  These  rings  consist  of  hyaline  cartilage,  and  are  united  to 
each  other  by  means  of  tough  fibrous  tissue  containing  much  elastic  tissue  the 
latter  being  arranged  chiefly  in  a  longitudinal  direction.  The  tunction  ot  tne 
cartüages  is  to  keep  the  tube  open  under  varying  conditions  of  pressure.  Fieces 
of  cartilage  having  a  similar  function  occur  in  the  bronchi  and  their  branches,  but 
they  are  absent  from  the  bronchioles,  which  are  less  than  1  mm.  m  diameter,  in 
the  smaller  bronchi,  the  cartilages  are  fewer  and  scattered  more  irregularly.  [In  a 
transverse  section  of  a  large  intra-pulmonary  bronchus,  two,  three,  or  more  pieces 
of  cartilage,  each  invested  by  its  perichondrium,  may  be  found.]  At  the  points 
where  the  bronchi  subdivide,  the  cartilages  assume  the  form  of  irregular  plates  em- 
bedded in  the  bronchial  wall. 

An  external  fibrous  layer  of  connective  tissue  and  elastic  fibres  covers  tJie 
trachea  and  the  extra-pulmonary  bronchi  externally.  Towards  the  oesophagus,  the 
elastic  elements  are  more  numerous,  and  there  are  also  a  few  bundles  of  plain 
muscular  fibres  arranged  longitudinally.  Within  this  layer  there  are  bundles  ot 
non-striped  musailar  fibres  which  ip&s^  tmiLSYeTsely  between  the  cartüages  behind, 
and  also  in  the  intervals  between  the  cartilages.    [These  pale  reddish  fibres  con- 
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stitute  the  trachealis  muscle,  and  are  attached  to  the  inner  surfaces  of  the  carti- 
lages at  a  little  distance  from  their  free  ends.  The  arrangement  varies  in  different 
animals — thus,  in  the  cat,  dog,  rabbit,  and  rat  the  muscular  fibres  are  attached  to 
the  external  surfaces  of  the  cartilages,  while  in  the  pig,  sheep,  and  ox  they  are 
attached  to  their  internal  surfaces  (Stirling).]  Some  muscular  fibres  are  arranged 
longitudinally  external  to  the  transverse  fibres.  The  function  of  these  muscular 
fibres  is  to  prevent  too  great  distention  when  there  is  great  pressure  within  the 
air-passages. 

The  mucous  membrane  of  the  trachea  consists  of  a  basis  of  very  fine 
connective-tissue,  containing  much  adenoid  tissue  with  numerous  lymph-corpuscles. 
ISTumerous  elastic  fibres  are  ar- 
ranged chiefly  in  a  longitudinal 
direction  under  the  basement  mem- 
brane. They  are  also  abundant  in 
the  deep  layers  of  the  posterior 
part  of  the  membrane  opposite  the 
intervals  between  the  cartilages. 
A  small  quantity  of  loose  sub- 
mucous connective  tissue  contain- 
ing the  large  blood-vessels,  glands, 
and  lymphatics  unites  the  mucous 
membrane  to  the  perichondrium  of 
the  cartilages.  The  epithelium 
consists  of  a  layer  of  columnar 
ciliated  cells  with  several  layers  of 
immature  cells  under  them.  [The 
superficial  layer  of  cells  is  columnar 
and  ciliated  (fig.  147,  b),  while 
those  lying  under  them  present 
a  variety  of  forms,  and  below  all 
is  a  layer  of  somewhat  flattened 
squames,  c,  resting  on  the  base- 
ment membrane,  d.  These  squames 
constitute  a  layer  quite  distinct 
from  the  basement  membrane,  and 
they  form  the  layer  described  as 
Debove's  membrane.  They  are 
active  germinating  cells,  and  play 
a  most  important  part  in  connec- 
tion with  the  regeneration  of  the 
epithelium,  after  the  superficial 
layers  have  been  shed,  in  such 
conditions  as  bronchitis.  J^ot  un- 
frequently  a  little  viscid  mucus  (a) 
lies  on  the  free  ends  of  the  cilia. 
In  the  intermediate  layer,  the  cells 
are  more  or  less  pyriform  or  battledore-shaped,  with  their  long  tapering  process 
inserted  amongst  the  deeper  layers  of  cells.  According  to  Drasch,  this  long 
process  is  attached  to  one  of  these  cells  and  is  an  outgrowth  from  it,  the  whole 
constituting  a  "  foot-cell."] 

Under  the  epithelium  is  the  homogeneous  basement  membrane,  through  which 
fine  canals  pass,  connecting  the  cement  of  the  epithelium  with  spaces  in  the  mucosa. 
[This  membrane  is  well  marked  in  the  human  trachea,  where  it  plays  an  important 
part  in  many  pathological  conditions,  p.g.,  bronchitis.    It  is  stained  bright  red  with 


Transverse  section  of  part  of  a  human  bronchus  (  x  450). 
a,  precipitated  mucus  ;  b,  ciliated  columnar  epithe- 
lium ;  c,  deep  germinal  layer  of  cells  (Debove's  mem- 
brane) ;  d,  elastic  basement  membrane  ;  e,  elastic 
fibres  divided  transversely  (inner  fibrous  layer)  ;  /, 
bronchial  muscle  ;  g,  outer  fibrous  layer  with  leuco- 
cytes and  pigment  granules  (black)  below i  ""^mass 
of  adenoid  tissue. 
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picrocarmine.]  The  cilia  act  so  as  to  carry  any  secretion  towards  the  larynx. 
Goblet  cells  exist  between  the  ciliated  columnar  cells.  Numerous  small  compound 
tubular  mucous  glands  occur  in  the  mucous  membrane,  chiefly  between  the 
cartilages.  Their  ducts  open  on  the  surface  by  means  of  a  slightly  funnel-shaped 
aperture,  into  which  the  ciHated  epithelium  is  prolonged  for  a  short  distance.  [The 
acini  of  some  of  these  glands  He  outside  the  trachealis  muscle.  The  acmi  are  lined 
by  cubical  or  columnar  secretory  epithelium.  In  some  animals  (dog)  these  cells  are 
clear,  and  present  the  usual  characters  of  a  mucus-secreting  gland ;  in  man,  some 
of  the  cells  may  be  clear,  and  others  "granular,"  but  the  appearance  of  the  cells 
depends  upon  the  physiological  state  of  activity.]  These  glands  secrete  the  mucus, 
which  entangles  particles  inspired  with  the  air,  and  is  carried  towards  the  larynx 
by  ciliary  action.  [Numerous  lymphatics  exist  in  the  mucous  and  sub-mucous 
coat,  and  not  unfrequently  small  aggregations  of  adenoid  tissue  occur  (especially  m 
the  cat)  in  the  mucous  coat,  usually  around  the  ducts  of  the  glands.  They  are 
comparable  to  the  solitary  folHcles  of  the  alimentary  tract.  The  blood-vessels  are 
not  so  numerous  as  in  some  other  mucous  membranes.  [A  plexus  of  nerves  con- 
taining numerous  ganglionic  cells  at  the  nodes  exists  on  the  posterior  surface  oi 
the  trachealis  muscle.  The  fibres  are  derived  from  the  vagus,  recurrent  laryngeal, 
and  sympathetic  (C.  Frankenhauser,  W.  Stirling,  Kandarazi).]  ^ 

[The  mucous  membrane  of  the  trachea  and  extra-pulmonary  bronchi,  there- 
fore, consists  of  the  following  layers  from  within  outwards : — 

(1)  Stratified  columnar  ciliated  epithelium. 

(2)  A  layer  of  flattened  cells  (Debove's  membrane). 

(3)  A  clear  homogeneous  basement  membrane. 

(4)  A  basis  of  areolar  tissue,  with  adenoid  tissue  and  blood-vessels,  and  out- 

side this  a  layer  of  longitudinal  elastic  fibres. 

Outside  this,  again,  is  the  sub-mucous  coat,  consisting  of  loose  areolar  tissue, 
with  the  larger  vessels,  lymphatics,  nerves,  and  mucous  glands.] 

The  Bronchi.— In  structure  the  extra-pulmonary  bronchi  resemble  the  trachea. 
As  they  pass  into  the  lung  they  divide  very  frequently,  and  the  branches  do  not 
anastomose.  In  the  intra-pulmonary  bronchi  the  subdivisions  become  finer  and 
finer,  the  finest  branches  being  called  terminal  bronchi,  or  bronchioles,  which 
open  separately  into  clusters  of  air-vesicles.] 

[Eparterial  and  Hyparterial  Bronchi.— As  the  bronchi-  proceed,  one  mam 
trunk  passes  into  the  lung,  running  towards  its  base,  and  from  it  are  given  off 
l)ranches  dorsally  and  ventrally,  and  these  branches  again  subdivide.  In  man  one 
main  branch  comes  off  from  the  right  bronchus  and  proceeds  to  the  upper  right 
lobe,  above  the  place  where  the  pulmonary  artery  crosses  the  bronchus.  Such 
branches  are  called  eparterial,  and  they  are  more  numerous  m  birds.  In  man,  all 
the  branches,  both  on  the  right  and  left  side,  come  off  below  the  point  where  the 
l)ulmonary  artery  crosses  the  bronchus,  and  are  called  hyparterial  bronchi  (6.  Aebi/).\ 

In  the  middle-sized  intra-pulmonary  bronchi  the  usual  characters  of  the  mucous 
membrane  are  retained,  only  it  is  thinner;  the  cartilages  assume  the  form  of 
irregular  plates  situated  in  the  outer  wall  of  the  bronchus ;  while  the  muscular 
fibres  are  disposed  in  a  complete  circle,  constituting  the  bronchial  muscle  (fig.  147, 
/).  When  this  muscle  is  contracted,  or  when  the  bronchus  as  a  whole  is  contracted, 
'the  mucous  membrane  is  thrown  into  longitudinal  folds,  and  opposite  these  folds 
the  elastic  fibres  form  large  elevations.  This  muscle  is  particularly  well  developed 
in  the  smaller  microscopic  bronchi.  Numerous  elastic  fibres,  e,  disposed  longi- 
tudinally, exist  under  the  basement  membrane,  d.  They  are  continuous  with 
those  of  the^trachea,  and  are  prolonged  onwards  into  the  lung.  The  mucous 
membrane  of  the  larger  intra-pulmonary  bronchi  consists  of  the  following  layers 
from  within  outwards  : — 
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(1) 
(2) 
(3) 
(4) 
(5) 


Stratified  columnar  ciliated  epithelium  (fig.  147,  h). 
Debove's  membrane  (fig.  147,  c). 

Transparent  homogeneous  basement  membrane  (fig.  147,  d). 
Areolar  tissue  with  longitudinal  elastic  fibres-  (fig.  147,  e). 
A  continuous  layer  of  non-striped  muscular  fibres  disposed  circularly  ■ 
(bronchial  muscle,  ßg.  14:7,  f). 
Outside  this  is  the  sub-mucous  coat,  consisting  of  areolar  tissue  mixed  with  much 
adenoid  tissue  (fig.   147,  g),  sometimes  arranged  in  the   form  of  cords,  the 
lymph-follicular  cords.    It  also  contains  the  acini  of  the  numerous  mucous  glands, 
blood-vessels,  and  lymphatics.    The  ducts  of  the  glands  perforate  the  muscular 
layer,  and  open  on  the  free  surface  of  the  mucous  membrane.    The  sub-mucous 
coat  is  connected  by  areolar  tissue  with  the  perichondrium  of  the  cartilages.  Out- 
side the  cartilages  are  the  nerves  and  nerve-ganglia  accompanying  the  bronchial 
vessels.    The  branches  of  the  pulmonary 
artery  and  of  the  pulmonary  vein  usually 
lie  on  opposite  sides  of  the  bronchus,  while 
there  are  several  branches  of  the  bronchial 
arteries  and  veins.    Fat  cells  also  occur 
in  the  peri-bronchial  tissue.] 

In  the  small  bronchi  the  cartilages  and 
glands  disappear,  but  the  circular  muscular 
fibres  are  well  developed.  They  are  lined  by 
lower  columnar  ciliated  epithelium,  con- 
taining goblet-cells. 

[The  bronchi  when  traced  into  the  lung 
divide  more  or -less  dichotomously,  and  run 
between  the  lobules,  constituting  inter- 
lobular bronchi,  and  accompanied  by 
branches  of  the  pulmonary  artery  and  vein. 
The  branches  become  smaller  and  smaller 
until  they  end  finally  in  terminal  bronchi 
(•5  to  I  mm.)  in  diameter.  These  terminal 
bronchi  or  lobular  bronchi  open  into  the 
apex  of  a  lobule.  As  they  pass  into  the 
lobule  they  give  off,  usually  at  nearly  a  right 
angle,  several  branches— the  intra-lobular 
bronchi — or  bronchioles,  sometimes  spoken 
of  as  alveolar  passages.  These  alveolar 
passages  are  beset  on  all  sides  by  air-cells. 
Each  bronchiole  opens  into  one  or  two  wider 


B  A 
Fig.  148. 

Terrainatioii  of  a  bronchiole  and  of  a  pul- 
monary arteriole  prepared  by  corrosion 
and  magnified  by  a  hand  lens.  A,  bron- 
chiole ;  B,  branch  of  pulmonary  artery. 

having  the  shape  of  an 


passages, 

inverted  cone,  called  an  infundibulum  (fig.  149,  I),  with  delicate  walls,  and  beset 
Avith  air-vesicles,  air-cells  or  alveoli  (fig.  14.9).  The  cup-shaped  air-vesicles 
open  into  the  infundibulum,  but  do  not  communicate  with  each  other.  The 
infundibula  are  much  wider  than  the  bronchioles  and  also  than  the 
alveoli.  Each  terminal  bronchiole  with  its  infundibula  and  air- vesicles  constitutes 
an  acinus  or  lobulet,  and  all  the  lobulets  connected  with  a  terminal  bronchus 
make  up  a  single  lobule.  The  lobules  are  arranged  with  their  bases  externally, 
and  are  separated  from  each  other  by  connective  tissue — inter-lobular  septa 
(fig.  149,  IS) — so  that  in  a  partially  pigmented  lung,  on  examining  its  pleural 
surface  with  the  naked  eye,  one  can  easily  make  out  its  lobules,  consisting  of  a 
series  of  polygonal  areas  mapped  out  by  black  lines.  In  a  young  animal,  e.g.,  calf, 
they  are  easily  separated  from  each  other  after  removal  of  the  pleura.  The  inter- 
lobular septa  are  continuous  on  the  one  hand  with  the  sub-pleural  connective 
tissue  and  on  the  other  with  the  peri-bronchial  connective  tissue.] 


STRUCTURE  OF  THE  BRONCHI  AND  AIR-CELLS.       [SeC.  106. 


[There  is  an  alteration  in  the  structure  of  the  bronchi,  as  we  proceed  from 
the  larger  to  the  smaller  tubes.  The  cartilages  and  glands  are  the  first  structures 
to  disappear.  The  circular  bronchial  muscle  is  well  developed  in  the  smaller 
bronchi  and  bronchioles,  and  exists  as  a  continuous  thin  layer  over  the  alveolar 
passages,  but  it  is  not  continued  over  and  between  the  air-cells.  Elastic  fibres, 
continuous,  on  the  one  hand,  with  those  in  the  smaller  bronchi,  and,  on  the  other, 


Yig.  149. 

Scheme  of  a  lung  lobule.  PA,  and  PV,  pulmonary  artery  and  vein  ;  TB,  terminal  bronchus  ; 
Br.,  bronchiole;  I,  infundibulum ;  av,  air-vesicles;  IS,  mter-lobular  septum;  Pi, 
pleura  ;  LB,  lobular  bronchus. 

with  those  in  the  walls  of  the  air-cells,  he  outside  the  muscular  fibres  in  the  bron- 
chioles and  infundibula.  In  the  respiratory  bronchioles,  the  cihated  epithehum  is 
reduced  to  a  single  layer,  and  is  mixed  with  the  squamous  form  of  epithelium,  while 
where  the  alveolar  passages  open  into  the  air-cells  or  alveoH,  the  epithelium  is  non- 
ciliated,  low,  and  polyhedral.]  . 

Alveoli  or  Air-Cells.— The  form  of  the  air-cells,  which  are  25  ^  (^öö  "^^h)  m 
diameter,  may  be  more  or  less  spherical,  polygonal,  or  cup-shaped.  They  are  dis- 
posed around  and  in  communication  with  the  alveolar  passages.  Their  form  is 
determined  by  the  existence  of  a  nearly  structureless  membrane,  composed  of 
shghtly  fibrillated  connective-tissue  containing  a  few  corpuscles.  This  is  surrounded 
by  numerous  fine  elastic  fibres,  which  give  to  the  pulmonary  parenchyma  its  well- 
marked  elastic  characters  (fig.  153,  e,  e).  These  fibres  often  bifurcate,  and  are 
arranged  with  reference  to  the  alveolar  wall.    They  are  very  resistant,  and  m  some 
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cases  of  lung  disease  may  be  recognised  in  the  sputum.  A  few  non-striped 
muscular  fibres  exist  in  the  delicate  connective  tissue  between  adjoining  air- vesicles. 
These  muscular  fibres  sometimes  become  greatly  developed  in  certain  diseases 
{Arnold,  W.  Stirling).  The  air-cells  are  lined  by  two  kinds  of  cells — (1)  large, 
transparent,  clear  polygonal  non-nucleated  squames  or  placoids  (22-45  fx)  lying 
over  and  between  the  capillaries  in  the  alveolar  wall  (fig.  151,  a);  (2)  small 
irregular  "  granular  "  nucleated  cells  (7-15  /x)  arranged  singly  or  in  groups  (two  or 
three)  in  the  interstices  between  the 
capillaries.  They  are  well  seen  in 
a  cat's  lung  (fig.  151,  d).  When 
acted  on  with  nitrate  of  silver  the 
cement-substance  bounding  the  clear 
cells  is  stained,  but  the  small  cells 
become  of  a  uniform  brown  gran- 
ular appearance,  so  that  they  are 
readily  recognised.  Small  markings 
(Wholes)  or  ' ' pseudo-stomata "  exist 
in  the  cement-substance,  and  are 
most  obvious  in  distended  alveoli. 
They  open  into  the  lymph-caiiali- 
cular  system  of  the  alveolar  wall 
{Klein),  and  through  them  the  lymph- 
corpuscles,  which  are  always  to  be 
found  on  the  surface  of  the  air- 
vesicles,  migrate,  and  carry  with 
them  into  the  lymphatics  particles 
of  carbon  derived  from  the  air.  In 
the  alveolar  walls  is  a  very  dense 
plexus  of  fine  capillaries  (fig.  153,  c), 
which  lie  more  towards  the  cavity 
of  the  air-vesicle,  being  covered  only 
by  the  epithelial  lining  of  the  air-cells.  Between  two  adjacent  alveoli  there 
is  only  a  single  layer  of  capillaries  (man),  and  on  the  boundary  line  between  two 
air-cells  the  course  of  the  capillaries  is  twisted,  thus  projecting  sometimes  into  the 
one  alveolus,  sometimes  into  the  other  (fig.  152). 

[In  the  lung  of  the  newt,  which  is  simply  an  oval  sac  with  elastic  and  contractile  walls,  sup- 
plied by  an  artery  and  a  vein,  the  capillary  network  lies  immediately  under  the  epithelium. 
The  meshes  themselves  are  narrow,  although  the  capillaries  corresponding  to  the  large  size  of 
the  blood-corpuscles  are  fairly  wide.  The  epithelium  consists  of  a  single  layer  of  thin  cells 
peculiarly  modified.  The  nucleated  bodies  of  three  or  more  cells  have  an  appreciable  thickness 
and  lie  in  the  extra-vascular  meshes  or  islands,  and  from  each  cell  there  stretches  an  excessively 
thin  wing-shaped  expansion  over  the  surface  of  the  capillary,  to  meet  a  similar  expansion  from 
another  cell  lying  in  an  adjacent  mesh  or  island.  Thus  the  blood  in  the  capillary  is  separated 
from  the  air  in  the  lung  only  by  the  thin  capillary  wall  and  the  excessively  thin  wing-like 
expansions  of  the  smaller  "respiratory  epithelium."  The  newt's  lung  represents  a  very  simple 
type  of  lung.  In  the  frog  the  lung  begins  to  be  more  comj)lex.  The  infundibulum  of  the 
mammalian  lung  practically  repeats  the  condition  obtaining  in  the  newt's  lung.] 

[The  number  of  alveoli  is  stated  to  be  about  725  millions,  a  result  obtained  by 
measuring  the  size  of  the  air-vesicles  and  ascertaining  the  amount  of  air  in  the 
lung,  after  an  ordinary  inspiration,  determining  how  much  of  this  air  is  in  the  air- 
vesicles  and  bronchi  respectively.  The  superficial  area  of  the  air-vesicles  is  about 
90  square  metres,  or  100  times  greater  than  the  surface  of  the  body  ('8  to  "9  sq. 
metre).] 

The  Blood-vessels  of  the  lung  belong  to  two  different  systems  : — (A)  Pulmonary 
vessels  (lesser  circulation).  The  branches  of  the  pulmonary  artery  accompany 
the.  bronchi  and  are  closely  applied  to  them.    [As  they  proceed  they  branch,  but 


Air-cell. 


Infundibulum. 


■"2^-- Alveolar  passage. 


Fig.  150. 

Scheme  of  a  bronchiole  terminating  in  alveolar 
passages,  those  leading  into  infundibula  beset 
with  air-vesicles. 
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the  branches  do  not  anastomose,  and  ultimately  they  terminate  in  small  arterioles, 
which  supply  several  adjacent  alveoli,  each  arteriole  splitting  up  into  capillaries  for 
several  air-cells  (figs.  152,  153,  y,  c).  An  efferent  vein  usually  arises  at  the  opposite 
side  of  the  air-cells,  and  carries  away  the  purified  blood  from  the  capillaries.  In 
their  course  these  veins  unite  to  form  the  pulmonary  veins,  which,  again,  are 
joined  in  their  course  by  a  few  small  bronchial  veins.  The  veins  usually  anasto- 
mose in  the  earlier  part  of  their  course,  whilst  the  corresponding  arteries  do  not.] 
Although  the  capillary  plexus  is  very  fine  and  dense,  its  sectional  area  is  less  than 
the  sectional  area  of  the  systemic  capillaries,  so  that  the  blood-stream  in  the  pul- 
monary capillaries  must  be  more  rapid  than  that  in  the  capillaries  of  the  body 

generally.  The  pulmonary  veins, 
unlike  veins  generally,  are  collec- 
tively narrower  than  the  pulmonary 
artery  (water  is  given  off  in  the 
lungs),  and  they  have  no  valves. 

[The  pulmonary  artery  contains 
venous  blood,  and  the  pulmonary 
veins  pure  or  arterial  blood]. 

(B)  The  bronchial  vessels  re- 
present the  nutrient  system  of  the 
lungs.     The  bronchial  arteries 
(1-3)  arise   from   the  aorta  (or 
intercostal    arteries)   and  accom- 
pany the  bronchi  without  anasto- 
mosing with  the  branches  of  the 
pulmonary  artery.    In  their  course 
they  give  branches  to  the  lymph- 
atic glands  at  the  hilum  of  the 
lung,  to  the  walls  of  the  large 
blood-vessels  (vasa  vasorum),  the 
pulmonary  pleura,  the  bronchial 
walls,  and  the  interlobular  septa. 
Air-vesicles  injected  with  silver  nitrate,    a,  outlines  The  blood  which  issues  from  their 
of  squamous  epithelium ;  h,  alveolar  wall ;  c,  young  capillaries  is  returned — partly  by 
epithelium  cell  ;  d,  aggregation  of  young  epithelial  ^j^g  pulmonary  veins — hence,  any 
cells  germinating  x  350.  considerable  interference  with  the 

pulmonary  circulation  causes  congestion  of  the  bronchial  mucous  membrane, 
resulting  in  a  catarrhal  condition  of  that  membrane.  The  greater  part  of  the 
blood  is  returned  by  the  bronchial  veins,  which  open  into  the  vena  azygos,  inter- 
costal vein,  or  superior  vena  cava.  The  veins  of  the  smaller  bronchi  (fourth 
order  onwards)  open  into  the  pulmonary  veins,  and  the  anterior  bronchial  also 
communicate  with  the  pulmonary  vein  [ZiicJierJcandl). 

[The  Pleura.— Each  pleural  cavity  is  distinct,  and  is  a  large  serous  sac,  which 
really  belongs  to  the  lymphatic  system  of  the  lung.  The  pleura  consists  of  two 
layers,  visceral  and  parietal.  The  visceral  pleura  covers  the  lung  ;  the  parietal 
portion  lines  the  wall  of  the  chest,  and  the  two  layers  of  the  corresponding  pleura 
are  continuous  with  one  another  at  the  root  of  the  lung.  The  parietal  pleura  is 
the  thicker,  and  may  readily  be  separated  from  the  inner  surface  of  the  chest. 
Structurally,  the  pleura  resembles  a  serous  membrane,  and  consists  of  a  thin  layer 
of  fibrous  tissue  covered  by  a  layer  of  endothelium.  Under  this  layer,  or  the 
pleura  proper,  is  a  deep  or  sub-serous  layer  of  looser  areolar  tissue,  containing 
many  elastic  fibres.  The  layer  of  the  pleura  pulmonalis  of  some  animals,  as  the 
guinea-pig,  contains  a  network  of  non-striped  muscular  fibres.  Over  the  lung  it  is 
also  continuous  with  the  interlobular  septa.] 
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[The  Interlobular  Septa  (fig.  154,  e)  consist  of  bands  of  fibrous  tissue  separating 
adjoining  lobules,  and  they  become  continuous  with  the  peri-bronchial  connective 
tissue  entering  the  lung  at  its  hilum.  Thus  the  fibrous  framework  of  the  lung  is 
continuous  throughout  the  lung,  just  as  in  other  organs.  The  connection  of  the 
sub-pleural  fibrous  tissue  with  the  connective  tissue  within  the  substance  of  the 
lung  has  most  important  pathological  bearings.  The  interlobular  septa  contain 
lymphatics  and  blood-vessels.  The  endothelium  covering  the  parietal  layer  is  of 
the  ordinary  squamous  type,  but  on  the  pleura  pulmonalis  the  cells  are  less  flattened, 


Fig.  152. 

Section  of  the  vesicular  tissue  of  a  human  lung  injected  from  the  pulmonary  artery  ;  a,  a,  free 
margins  of  the  alveoli ;  h,  small  artery  ;  c,  e,  vertical  walls  of  alveoli  divided  transversely. 

more  polyhedral,  and  granular.  They  must  necessarily  vary  in  shape  with  changes 
in  the  volume  of  the  lung,  so  that  they  are  more  flattened  when  the  lung  is  dis- 
tended, as  during  inspiration.  The  pleura  contains  many  lymphatics,  which  com- 
municate by  means  of  stomata  with  the  pleural  cavity.] 

[The  Lymphatics  of  the  lung  are  numerous,  and  are  arranged  in  several  systems. 
The  various  air-cells  are  connected  with  each  other  by  very  delicate  connective 
tissue,  and,  according  to  J.  Arnold,  in  some  parts  this  interstitial  tissue  presents 
characters  like  those  of  adenoid  tissue ;  so  that  the  lung  is  traversed  by  a  system  of 
juice-canals  or  "  Saft-canälchen."  In  the  deep  layer  of  the  pleura  there  is  a  (a) 
sub-pleural  plexus  of  lymphatics  partly  derived  from  the  pleura,  but  chiefly  from 
the  lymph-canalicular  system  of  the  pleural  alveoli.  Some  of  these  branches  pro- 
ceed to  the  bronchial  glands,  but  others  pass  into  the  interlobular  septa,  where 
they  join  (6)  the  peri-vascular  lymphatics  which  arise  in  the  lymph-canalicular 
system  of  the  alveoli.  These  trunks,  provided  with  valves,  run  alongside  the 
pulmonary  artery  and  vein,  and  in  their  course  they  form  frequent  anastomoses. 
Special  vessels  arise  within  the  walls  of  the  bronchi,  and  occur  chiefly  in  the  outer 
coat  of  the  latter,  constituting  (c)  the  perl-bronchial  lymphatics,  which  anasto- 
mose with  b.    The  branches  of  these  two  sets  run  towards  the  bronchial  glands. 
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IS'ot  unfrequently  (cat)  masses  of  adenoid  tissue  are  found  in  the  course  of  these 
lymphatics.]  The  lymph-canalicular  system  and  the  lymphatics  become  injected, 
when  fine  coloured  particles  are  inspired,  or  are  introduced  into  the  air-cells 
artificially.  The  pigment  particles  pass  through  the  semi-fluid  cement-substance 
into  the  lymph-canalicular  system  and  thence  into  the  lymphatics  ;  or,  according 
to  Klein,  they  pass  through  actual  holes  or  pores  in  the  cement  (p.  185).  [This 
pigmentation  is  well  seen  in  coal-miner's  lung  or  anthracosis,  where  the  particles 
of  carbon  pass  into  and  are  found  in  the  lymphatics.  Sikorski  and  Küttner  showed 
that  pigment  reached  the  lymphatics  in  this  way  during  life.    If  pigment,  China 


Fig.  153. 

Semi-diagrammatic  representation  of  the  air-vesicles  of  tlie  lung,  v,  v,  blood-vessels  at  the 
margins  of  an  alveolus  ;  c,  c,  its  blood-capillaries  ;  E,  relation  of  the  squamous  epithelium 
of  an  alveolus  to  the  capillaries  in  its  wall  ;  f,  alveolar  epithelium\^  shown  alone  ;  e,  e, 
elastic  tissue  of  the  lung 

ink  or  indigo-carmine,  be  introduced  into  "a  frog's  lung,  it  is  found  in  the  lymphatic 
system  of  the  lung.  Huppert,  and  also  Schotielius,  showed  that  the  same  result 
occurred  in  dogs,  after  the  inhalation  of  charcoal,  cinnabar,  or  precipitated  Berhn 
blue,  and  von  Ins  after  the  inhalation  of  silica.  Schestopal  used  China  ink  and 
cinnabar  suspended  in  |  per  cent,  salt  solution.]  Excessively  fine  lymph-canals  lie 
in  the  wall  of  the  alveoli  in  the  interspaces  of  the  capillaries,  and  there  are  slight 
dilatations  at  the  points  of  crossing.  According  to  Pierret  and  Eenaut,  every  air- 
cell  of  the  lung  of  the  ox  is  surrounded  by  a  large  lymph-space,  such  as  occurs 
in  the  salivary  glands.  When  a  large  quantity  of  fluid  is  injected  into  the  lung, 
it  is  absorbed  with  great  rapidity ;  even  blood-corpuscles  rapidly  pass  into  the 
lymphatics. 

The  superficial  lymphatics  of  the  pulmonary  pleura  communicate  with  the 
pleural  cavity  by  means  of  free  openings  or  stomata,  and  the  same  is  true  of  the 
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lymphatics  of  the  parietal  pleura,  but  these  stomata  are  confined  to  limited  areas 
over  the  diaphragmatic  pleura.  [The  lymphatics  in  the  costal  pleura  occur  over 
the  intercostal  spaces  and  not  over  the  ribs  (Dt/bJcoiüski).^  The  large  arteries  of 
the  lung  are  provided  with  lymphatics  which  lie  between  the  middle  and  outer 
coats.  [The  movements  of  the  lung  during  respiration  are  most  important  factors 
in  moving  the  lymph  onwards  in  the  pulmonary  lymphatics.  The  reflux  of  the 
lymph  is  prevented  by  the  presence  of  valves.] 

Absorption  of  particles  in  lungs  and  pleura. — If  blood  or  China  ink  be  injected  into  the 
lungs,  the  corpuscles  are  rapidly  absorbed  from  the  lungs,  but  not  from  the  trachea  or  large 
bronchi.  In  the  Inngs  the  particles  pass  between  the  alveolar  epithelium  into  the  interstitial 
pulmonary  tissue,  and  finally  into  the  peri-bronchial  and  peri-arterial  lymphatics,  and  from 
thence  to  the  bronchial  lymph-glands.  Similar  injections  into  the  pleural  cavity  are  absorbed 
(5—30  minutes)  by  the  costal  and  mediastinal  pleura,  but  not  by  the  pulmonary  pleura.] 

[The  nerves  of  the  lung  are  derived  from  the  anterior  and  posterior  pulmonary 
plexuses  and  consist  of  branches  from  the  vagus  and  sympathetic,  and  from  certain 
dorsal  nerves  (p.  149),  They  enter  the  lungs  and  follow  the  distribution  of  the 
bronchi,  several  sections  of  nerve-trunks  being  usually  found  in  a  transverse 
section  of  a  large  bronchial  tube.  The  nerves  lie  outside  the  cartilages,  and  are 
in  close  relation  with  the  branches  of  the  bronchial  arteries.  MeduUated  and 
non-meduUated  nerve-fibres  occur  in  the  nerves,  which  also  contain  numerous 
small  ganglia  {Remak,  Klein,  Stirling).  In  the  lung  of  the  calf  the  ganglia  are 
large.  The  exact  mode  of  termination  of  the  nerve-fibres  within  the  lung  has  yet 
to  be  ascertained  in  mammals,  but  some  fibres  pass  to  the  bronchial  muscle, 
others  to  the  large  blood-vessels  of  the  lung,  and  it  is  highly  probable  that  the 
mucous  glands  are  also  supplied  with  nerve  filaments.  In  the  comparatively 
simple  lungs  of  the  frog,  nerves  with  numerous  nerve-cells  in  their  course  are 
found  {Arnold,  Stirling),  and  in  the  very  simple  lung  of  the  newt,  there  are  also 
numerous  nerve-cells  disposed  along  the  course  of  the  intra-pulmonary  nerves. 
Some  of  these  fibres  terminate  in  the  uniform  layer  of  non-striped  muscle  which 
forms  part  of  the  pulmonary  wall  in  the  frog  and  newt,  and  others  end  in  the 
muscular  coat  of  the  pulmonary  blood-vessel  {Stirling).  The  functions  of  these 
ganglia  are  unknown,  but  they  may  be  compared  to  the  nerve-plexuses  existing 
in  the  walls  of  the  digestive  tract.] 

The  Function  of  the  non-striped  muscle  of  the  entire  bronchial  system  seems 
to  be  to  offer  a  sufficient  amount  of  resistance  to  increased  pressure  within  the  air- 
passages  ;  as  in  forced  expiration,  sjDeaking,  singing,  blowing,  &c.  The  vagus  is 
the  motor  nerve  for  these  fibres,  and  according  to  Longe t,  the  "  lung-tonus " 
during  increased  tension  depends  upon  these  muscles. 

[Contraction  of  the  Lungs  and  Bronchi — Effect  of  Nerves. — By  connecting  the  interior  of  a 
small  bronchus  with  an  oncograph  (§  103)  in  curarised  dogs  (the  thorax  being  opened).  Brown 
and  Roy  found  that  section  of  one  vagus  causes  a  marked  expansion  of  the  bronchi  of  the 
corresponding  lung,  while  stimulation  of  the  peripheral  end  of  a  divided  vagus  causes  a  power- 
ful contraction  of  the  bronchi  of  both  lungs.  Stimulation  of  the  central  end  of  one  vagus,  the 
other  being  intact,  also  causes  a  contraction  (feebler)  under  the  same  circumstances.  Especially 
in  etherised  dogs,  expansion  and  not  contraction  results.  If  both  vagi  be  divided,  no  effect  is 
produced  by  stimulation  of  the  central  end  of  either  vagus.  It  seems  plain  that  the  vagi 
contain  centripetal  or  afferent  fibres,  which  can  cause  both  expansion  and  contraction  of  the 
bronchi.  Asphyxia  causes  contraction  provided  the  vagi  are  intact,  but  none  if  they  are 
divided,  although  in  etherised  dogs  expansion  frequently  occurs,  while  stimulation  of  the 
central  end  of  other  sensory  nerves  has  very  rarely  any,  or,  if  any,  but  a  slight,  effect  on  the 
calibre  of  the  bronchi,  so  that  in  the  dog  the  only  connection  between  the  cerebro-spinal 
centres  and  the  bronchi  is  through  the  vagi.  Sandmann  has  confirmed  the  above  observations 
for  rabbits  and  cats,  so  that  it  seems  certain  that  the  vagus  contains  some  fibres  which  dilate 
and  others  which  cause  contraction  of  the  bronchi.  Reflex  contraction  can  be  brought  about 
by  stimulation  of  the  nose  and  larynx.  Williams,  Paul  Bert,  and  others  showed  that  the 
bronchi  and  lungs  are  contractile  when  they  are  stimulated  with  electricity.  This  contractility  is 
very  marked  in  reptilian  lungs  where  there  is  a  well-marked  layer  of  smooth  muscle.] 

Pathological. — Stimulation  of  the  smooth  muscles,  whereby  a  spasmodic  naiTowing  of  the 
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smaller  bronchi  is  produced,  may  excite  asthmatic  attacks.  If  the  expiratory  blast  be  inter- 
fered with,  acute  emphysema  may  take  place  {Biernier). 

Chemistry.— In  addition  to  connective,  elastic  and  muscular  tissue,  the  lungs  contam 
lecithin,  inosit,  uric  acid  (taurin  and  leucin  in  the  ox),  guanin,  xanthin  (?),  liypoxanthm_  (dog) 
soda,  potash,  magnesium,  oxide  of  iron,  much  phosphoric  acid,  also  chlorme,  sulphuric  and 
silicic  acids— in  diabetes  sugar  occurs— in  purulent  infiltration  glycogen  and  sugar— in  renal 
degeneration  urea,  oxalic  acid,  and  ammonia  salts  ;  and  in  diseases  where  decomposition  takes 
place,  leucin  and  ty rosin. 

Physical  Properties  of  the  Lungs.— The  limgs,  in  virtue  of  the  large  amount 
of  elastic  tissue  which  they  contain,  are  highly  elastic  ;  and  when  the  chest 

is  opened  they  collapse.  If  a 
cannula  with  a  small  lateral  open- 
ing be  tied  into  the  trachea  of  a 
rabbit's  or  sheep's  lungs,  the  lungs 
may  be  inflated  with  a  pair  of 
bellows,  or  elastic  pump.  After 
the  artificial  inflation,  the  lungs, 
owing  to  their  elasticity,  collapse 
and  expel  the  greater  part  of  the 
air.  As  much  air  remains  within 
the  light  spongy  tissue  of  the 
lungs,  even  after  they  are  removed 
from  the  body,  a  healthy  lung 
floats  in  water.  If  the  air-cells 
are  filled  with  pathological  fluids 
or  blood,  as  in  certain  diseased 
conditions  of  the  lung  (pneu- 
monia), then  the  lungs  or  parts 
thereof  may  sink  in  water.  The 
lungs  of  the  foetus,  before  respira- 
tion has  taken  place,  sink  in 
water,  but  after  respiration  has 
been  thoroughly  established  in 
the  child,  the  lungs  float.  Hence 
this  hydrostatic  test  is  largely 
used  in  medico-legal  cases,  as  a 
test  of  the  child's  having  breathed. 
If  a  healthy  lung  be  squeezed 
between  the  fingers,  it  emits  a 
peculiar  and  characteristic  fine 
crackling  sound,  owing  to  the  air 
within  the  air-cells.  A  similar 
sound  is  heard  on  cutting  the 
The  colour  of  the  lungs  varies  much ;  in  a  young 


Fig.  154. 

Human  lung  (  x  50  and  reduced  i).  a,  small  bronchus  ; 
l,  h,  pulmonary  artery  ;  c,  pulmonary  vein  ;  e,  inter- 
lobular septa,  continuous  with  the  deep  layer  of  the 
pleura,  p. 


vesicular  tissue  of  the  lung.  _ 
child  it  is  rose-pink,  but  afterwards  it  becomes  darker,  especially  in  persons  hvmg 
in  towns  or  a  smoky  atmosphere,  owing  to  the  deposition  of  granules  of  carbon. 
In  coal-miners  the  lungs  may  become  quite  black.] 

[Excisionof  the  Lung.— Dogs  recover  after  the  excision  of  one  entire  lung,  and  they  even 
survive  the  removal  of  portions  of  lung  affected  with  tubercle  {Biondi).] 

107.  MECHANISM  OF  RESPIRATION.— The  mechanism  of  respiration  con- 
sists in  an  alternate  dilatation  and  contraction  of  the  chest.  The  dilatation,  techni- 
cally called  "expansion,"  is  called  inspiration,  the  contraction  expiration. _  As 
the  whole  external  surfaces  of  both  elastic  lungs  are  appHed  directly,  and  m  an 
air-tight  manner,  by  their  smooth  moist  pleural  investment  to  the  inner  wall  of 
the  chest,  which  is  covered  by  the  parietal  pleura,  it  is  clear  that  the  lungs  must 
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be  distended  with  every  dilatation  of  the  cliest,  and  diminished  by  every  con- 
traction thereof.  The  movements  of  the  lungs,  therefore,  are  entirely  passive, 
and  are  dependent  on  the  thoracic  movements. 

On  account  of  their  complete  elasticity  and  their  great  extensibility,  the  lungs 
are  able  to  accommodate  themselves  to  any  variation  in  the  size  of  the  thoracic 
cavity,  without  the  two  layers  of  the  pleura  becoming  separated  from  each  other. 
As  the  capacity  of  the  non-distended  chest  is  greater  than  the  volume  of  the 
collapsed  lungs  .after  their  removal  from  the  body,  it  is  clear  that  the  lungs,  even 
in  their  natural  position  within  the  chest,  are  distended,  i.e.,  they  are  in  a  certain 
state  of  elastic  tension  (§  60).  The  tension  is  greater  the  more  distended  the 
thoracic  cavity,  and  vice  versd.  As  soon  as  the  pleural  cavity  is  opened  by  perfora- 
tion from  without,  the  lungs,  in  virtue  of  their  elasticity,  collapse,  and  a  space  filled 
with  air  is  formed  between  the  surface  of  the  lungs  and  the  inner  surface  of  the 
thoracic  wall  (pneumo-thorax).  The  lungs  so  affected  are  rendered  useless  for 
respiration ;  hence  a  double  pneumo-thorax  causes  death. 

Pneumo-thorax. — It  is  also  clear  that  if  the  pulmonary  pleiu^a  be  perforated  from  within  the 
lung,  air  will  pass  from  the  respiratory  passages  into  the  pleural  sac,  and  also  give  rise  to 
pneumo-thorax.  [Not  unfrequently  the  surgeon  is  called  on  to  open  the  chest,  say  by  removing 
a  portion  of  a  rib  to  allow  of  the  free  exit  of  pus  from  the  pleural  cavity.  If  this  be  done  with 
proper  precautions,  and  if  the  external  wound  be  allowed  to  heal,  after  a  time  the  air  in  the 
pleural  cavity  becomes  absorbed,  the  collapsed  lung  tends  to  regain  its  original  form,  and  again 
becomes  functionally  active,] 

Estimation  of  Elastic  Tension. — If  a  manometer  be  introduced  through  an  intercostal  space 
iuto  the  pleural  cavity  in  a  dead  subject,  we  can  measure,  by  means  of  a  column  of  mercury, 
the  amount  of  the  elastic  tension  required  to  keep  the  lung  in  its  position.  This  is  equal  to 
6  mm.  Hg.  in  the  dead  subject,  as  Avell  as  in  the  condition  of  expiration.  If,  however,  the 
thorax  be  brought  into  the  position  of  inspiration  by  the  application  of  traction  from  without, 
the  elastic  tension  may  be  increased  to  30  mm.  Hg.  {Bonders). 

If  the  glottis  be  closed  and  a  deep  inspiration  taken,  the  air  within  the  lungs 
must  become  rarefied,  because  it  has  to  fill  a  greater  space.  If  the  glottis  be 
suddenly  opened,  the  atmospheric  air  passes  into  the  lungs  until  the  air  within  the 
lungs  has  the  same  density  as  the  atmosphere.  Conversely,  if  the  glottis  be  closed, 
and  if  an  expiratory  effort  be  made,  the  air  within  the  chest  must  be  compressed. 
If  the  glottis  be  suddenly  opened,  air  passes  out  of  the  lungs  until  the  pressure 
outside  and  inside  the  lung  is  equal.  As  the  glottis  remains  open  during  ordinary 
respiration,  the  equilibration  of  the  pressure  within  and  without  the  lungs  will  take 
place  gradually.  During  tranquil  inspiration  there  is  a  slight  negative  pressure ; 
during  expiration  a  slight  positive  pressure,  in  the  lungs  ;  the  former  =  1  mm.,  the 
latter  2-3  mm.  Hg.  in  the  human  trachea  (measured  in  cases  of  wounds  of  the 
trachea).  According  to  J.  R.  Ewald,  however,  the  values  are  only  0*1  and  0-13 
mm.  Hg  respectively. 

108.  aUANTITY  OF  GASES  RESPIRED.— As  the  lungs  within  the  chest 
never  give  out  all  the  air  they  contain,  it  follows  that  only  a  part  of  the  air  of  the 
lungs  is  changed  during  inspiration  and  expiration.  The  volume  of  this  air  will 
depend  upon  the  depth  of  the  respirations. 

g        Hutchinson  defined  the  following: — 

(1)  Kesidual  air  is  the  volume  of  air  which  remains  in  the 
chest  after  the  most  complete  expiration.    It  is  =  1230-1640  c.c. 
o  >    [100-130  cubic  inches]. 

§-0       (2)  Reserve  or  supplemental  air  is  the  volume  of  air  which 
Kj    can  be  expelled  from  the  chest  after  a  normal  quiet  expiration. 
S*  p    It  is  =1240-1800  c.c.  [100  cubic  inches]. 

(3)  Tidal  air  is  the  volume  of  air  which  is  taken  in  and  given 
^  out  at  each  respiration.  It  is  =  500  cubic  centimetres  [20  cubic 
H    inches.    Sometimes  it  is  stated  to  be  25-30  cubic  inches.] 

(4)  Complemental  air  is  the  volume  of  air  that  can  be  forcibly 
inspired  over  and  above  what  is  taken  in  at  a  normal  respiration. 
It  amounts  to  about  1500  c.c.  [100-130  cubic  inches]. 


COMPLEMENTAL 
AIR 
110 


TIDAL  AIR 
20 


RESERVE  AIR 
100 


RESIDUAL  AIR 
100 
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(5)  Vital  Capacity  is  the  term  applied  to  the  volume  of  air  which  can  be 
forcibly  expelled  from  the  chest  after  the  deepest  possible  inspiration.  It  is  equal 
to  3772  c.c.  (or  230  cubic  inches)  for  an  Englishman  {Hutchinson),  and  3222  for  a 
German  (Haeser). 

Hence,  after  every  quiet  inspiration,  both  lungs  contain  (1  +  2 +  3)  =  3000  to 
3900  com.  [220  cubic  inches] ;  after  a  quiet  expiration  (1  +  2)  =  2500  to  3400 
c.cm.  [200  cubic  inches].  So  that  about  i  to  i  of  the  air  in  the  lungs  is  subject  to 
renewal  at  each  ordinary  respiration. 

[It  is  important  to  remember  that  the  lungs,  even  after  the  deepest  expiration, 
always  contain  a  large  amount  of  air.    In  this  way  the  diffusion  of  gases  between 

  the  air  in  the  lungs  and  the  blood-gases  can  go 

on  continuously,  with  increase  of  the  process  at 
every  inspiration.] 

Donders  calculated  that  the  entire  bronchial  system 
and  the  trachea  contain  about  500  c.c.  of  air. 

Estimation  of  Vital  Capacity. — This  was 
formerly  thought  to  be  of  great  utihty,  but  at  the 
present  time  not  much  importance  is  attached 
to  it,  nor  is  it  frequently  measured  in  cases  of 
disease.  It  is  estimated  by  means  of  the  spiro- 
meter of  Hutchinson,  which  consists  of  a  gradu- 
ated cylinder  filled  with  water  and  inverted  like 
a  gasometer  over  water,  and  balanced  by  means 
of  a  counterpoise  (fig.  155).  Into  the  cylinder  a 
tube  projects,  and  this  tube  is  connected  with  a 
mouthpiece.  The  person  to  be  experimented 
upon  takes  the  deepest  possible  inspiration,  closes 
his  nostrils,  and  breathes  forcibly  into  the  mouth- 
piece of  the  tube.  After  doing  so  the  tube  is 
closed.  The  cylinder  is  raised  by  the  air  forced 
into  it,  and  after  the  water  inside  and  outside 
the  cylinder  is  equalised,  the  height  to  which 
the  cylinder  is  raised  indicates  the  amount  of  air 
expired,  or  the  vital  or  respiratory  capacity.  In  a  man  of  average  height,  5  feet 
8  inches,  it  is  equal  to  230  cubic  inches. 
The  following  circumstances  affect  the  vital  capacity  :— 

(1)  The  Height.— Every  inch  added  to  the  height  of  persons  between  5  and  6  leet  gives  an 
increase  of  the  vital  capacity  =  130  c.c.  [8  cubic  inches.]  ^  • 

(2)  Body-weight.— When  the  body-weight  exceeds  the  normal  by  7  per  cent,  there  is  a 
diminution  of  37  c.c.  of  the  vital  capacity  for  every  kilo,  of  increase. 

(3)  Age.— The  vital  capacity  is  at  its  maximum  at  35  ;  there  is  an  annual  decrease  ot  2d "4 
c.c.  from  this  age  onwards  to  65,  and  backwards  to  15  years  of  age. 

(4)  Sex.— It  is  less  in  women  than  men,  and  even  where  there  is  the  same  circumlerence  ot 
chest,  and  the  same  height  in  a  man  and  a  woman,  the  ratio  is  10  :  7.  _ 

(5)  Position  and  Occupation.— More  air  is  respired  in  the  erect  than  m  the  recumbent 
position.  In  the  following  three  categories  the  preceding  group  has  a  vital  capacity  greater  by 
200  c.c.  than  the  one  following  it  :  {a)  soldiers  and  sailors  ;  [b)  hand-workers,  compositors  ; 
(c)  paupers,  officials,  students  (Arnold). 

(6)  Disease.— Abdominal  and  thoracic  diseases  diminish  it. 

109.  NUMBER  OF  RESPIRATIONS.— In  the  adult,  the  number  of  respira- 
tions varies  from  16  to  24  per  minute,  so  that  about  4  pulse-beats  occur  during  each 
respiration.    The  number  of  respirations  is  influenced  by  many  conditions  : — 

(1)  The  Position  of  the  Body.— In  the  adult,  in  the  horizontal  position,  Guy  counted  13, 
while  sitting  19,  while  standing  22,  respirations  per  minute. 


Scheme  of  Hutchinson's  spirometer, 


Sec.  109.] 


CONDITIONS  INFLUENCING  RESPIRATION. 


(2)  Age, — Quetelet  found  the  mean  number  of  respirations  in  300  individuals  to  be  : — 
Year.        Respirations.  Year.  Respirations. 

0  to   1,  44  )  Average  20  to  50,  187        ^  Average 

5,  26  [        Number  per  25  to  30,  16  [       Number  per 

15  to  20,  20  )  Minute.  30  to  35,  181        J  Minute. 

(3)  The  State  of  Activity. — Gorham  counted  in  children  of  2  to  4  years  of  age  during  standing 
32,  in  sleep  24,  respirations  per  minute.  During  bodily  exertion  the  number  of  resjnrations 
increases  before  the  heart-beats.  [Very  slight  muscular  exertion  suffices  to  increase  the  frequency 
of  the  respirations.] 

[(4)  The  Temperature  of  the  surrounding  medium. — The  respirations  become  more  numerous 
the  higher  the  surrounding  temperature,  but  this  result  only  occurs  when  the  actual  tempera- 
ture of  the  blood  is  increased,  as  in  fever. 

(5)  Digestion. — There  is  a  slight  variation  during  the  course  of  the  day,  the  increase  being 
most  marked  after  mid-day  dinner  {VierorcU). 

(6)  The  Will  can  to  a  certain  extent  modify  the  number  and  also  the  depth  of  the  respira- 
tions, but  after  a  short  time  the  impulse  to  respire  overcomes  the  voluntary  impulse. 

(7)  The  Gases  of  the  Blood  have  a  marked  etiect,  and  so  has  the  heat  of  the  blood  in  fever,] 
[(8)  In  Animals — 


Mammals. 

Per  Min. 

Per  Min. 

Per  Min. 

Per  Min. 

Rabbit, 

.  55 

Pigeon, 

.  30 

Perch,        ,       .  30 

Tiger, 

.  6 

Rat  (waking). 

.  210 

Siskin, 

.  100 

Mullet,       .       .  60 

Lion,  . 

.  10 

Rat  (asleep). 

.  100 

Canary, 

.  18 

Eel,    ...  50 

Jaguar, 

.  11 

Rhinoceros, 
Hippopotamus, 

6-10 

Hippocampus,     .  33 

Panther, 

.  18 

1 

Reptiles. 

Cat,  . 

.  24 

Horse, 

10-12 

Snake, 

.  5 

Invertebrata. 

Dog,   .  . 

.  15 

Ass,  . 

.  70 

Tortoise,  . 

.  12 

Crab,  .       .  .12 

Dromedary, 

.  11 

Mollusca,    .  14-16 

Giraffe, 

8-10 

Birds. 

Fish. 

(P.  Bert).-] 

Ox,  . 

Squirrel, 

15-18 

Condor, 

.  6 

Raja, 

.  50 

.  70 

Sparrow,  . 

.  90 

Torpedo,  . 

,  51 

[(9)  In  Disease. — The  number  may  be  greatly  increased  froin  many  causes,  e.g.,  in  fever, 
pleurisy  and  pneumonia,  some  heart  diseases,  or  in  certain  cases  of  alteration  of  the  blood,  as 


3 


Fig.  156. 

A,  Brondgeest's  tambour  for  registering  the  respiratory  movements,  h,  c,  inner  and  outer 
caoutchouc  membranes  ;  a,  the  capsule  ;  d,  d,  cords  for  fastening  the  instrument  to  the 
chest ;  .S',  tube  to  the  recording  tambour.  B,  normal  respiratory  curve  obtained  on  a 
vibrating  plate  [each  vibration  =--0-01613  sec.]. 

in  anaemia  ;  and  diminished  where  there  is  pressure  on  the  respiratory  centre  in  the  medulla 
m  coma.    It  is  important  to  note  the  ratio  of  pulse-beats  to  respirations.] 
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110.  TIME  OCCUPIED  BY  THE  RESPIRATORY  MOVEMENTS.— The 

time  occupied  in  the  various  phases  of  a  respiration  can  only  be  accurately  ascer- 
tained by  obtaining  a  curve  or  pneumatogram  of  the  respiratory  movements  by 
means  of  recording  apparatus. 

Methods.— The  graphic  method  can  be  employed  in  three  directions  :~(1)  To 
record  the  movements  of  individual  parts  of  the  chest-wall. 

(1)  Vierordt  and  C.  Ludwig  transferred  tlie  movements  of  a  part  of  the  chest- wall  to  a  lever 
which  inscribed  its  movements  upon  a  revolving  cylinder.  Riegel  (1873)  constructed  a 
"  double-stethograph  "  on  the  same  principle.  This  instrument  is  so  arranged  that  one  arm 
of  the  lever  may  be  applied  in  connection  with  the  healthy  side  of  a  person's  chest,  and  the 
other  on  the  diseased  side.  In  the  case  of  animals  placed  on  their  backs,  SneUon  introduced 
a  long  needle  verticaUy  through  the  abdominal  walls  into  the  liver.  Rosenthal  opened  the 
abdomen  and  apphed  a  lever  to  the  under  surface  of  the  diaphragm,  and  thus  registered  its 
movements  (Phrenograph).  .         ...    ^^  v 

(2)  An  air-tambour,  such  as  is  used  in  Brondgeest  s  pansphygmograph  (üg.  15b,  A),  may  be 
employed.  It  consists  of  a  brass  vessel,  a,  shaped  like  a  small  saucer.  The  mouth  of  the  brass 
vessel  is  covered  with  a  double  layer  of  caoutchouc  membrane,  b,  c,  and  air  is  forced  in  between 
the  two  layers  until  the  external  membrane  bulges  outwards.  This  is  placed  on  the  chest,  and 
the  apparatus  is  fixed  in  position  by  means  of  the  bands,  d,  d.    The  _  cavity  of  the  tambour 


tied  by  P.  Bert  and  the  more  modern  form  (fig.  157).  A  tambour  (/i)  is  fixed  at  right  angles  to 
a  thin  elastic  plate  of  steel  (/).  The  aluminium  disc  on  the  caoutchouc  of  the  tambour  is 
attached  to  an  upright  (&),  whose  end  lies  in  contact  with  a  horizontal  screw  {g).  Two  arms 
{d,  c)  are  attached  to  opposite  sides  of  the  steel  plate,  and  to  them  the  belt  (e)  which  fastens 
the  instrument  to  the  chest  is  attached.  When  the  chest  ex^jands,  these  two  arms  are  pulled 
asunder,  the  steel  plate  is  bent,  and  the  tambour  is  affected,  and  any  movement  of  the  tambour 
is  transmitted  to  a  registering  tambour  by  the  air  in  the  tube  (a).] 

Movements  of  the  iDiaphragm.— [The  phases  of  respiration  have  been  studied  in  animals  by 
Kronecker  and  Marckwald  by  inserting  the  spoon-shaped  end  of  a  probe-like  instrument  through 
the  abdominal  wall,  and  between  the  liver  and  the  diaphragm.  From  the  pointed  end  of  this  in- 
strument a  thread  passes  over  a  X)ulley  to  be  attached  to  a  lever  recordingits  movements  on  adrum.  ] 

(2)  To  record  variation  in  volume  of  the  thorax  or  of  the  respired  gases. 

For  this  purpose  E.  Hering  secures  the  animal,  and  places  it  in  a  tight  box  provided  with  two 
openings  in  its  side  ;  one  hole  contains  a  tube,  which  is  connected  to  a  cannula  tied  into  the 
transversely  divided  trachea  of  the  animal,  so  that  respiration  can  go  on  undisturbed.  In  the 
other  orifice  is  fixed  a  water-manometer  provided  with  a  swimmer  arranged^  to  write  on  a 
recording  surface.  Gad  registers  graphically  the  respired  air  by  means  of  a  special  apparatus^ 
the  »ro-pIethysmograph  ;  the  expired  air  raises  a  very  hght  and  carefully  equipoised  box  placed 
over  water.    As  it  is  raised,  it  moves  a  writing-style.    During  inspiration  the  box  sinks. 


Fig.  157. 

Marey's  stetliograph. 


Marey's  Stethograph  or  Pneu- 
mograph.— [There  are  two  forms 
of  this  instrument,  one  modi- 


Sec.  110.] 


THE  DURATION  AND  TYPE  OF  RESPIRATION. 


(3)  To  record  the  rate  at  which  the  respiratory  gases  are  exchanged, 

If  the  trachea  of  an  animal,  or  the  mouth  of  a  man  (the  nostrils  bein»  closed),  be  connected 
with  a  tube  like  that  of  the  droniograph  (fig.  156),  then  daring  inspiration  and  expiration  the 
pen-dulnm  will  be  moved  to  and  fro  by  the  air,  and  the  movements  of  the  penpulum  can  be 
registered.  [Some  years  ago  an  instrument,  called  the  "  Anapnograph  "  was  constructed  on 
this  principle.] 

The  curve  (fig.  156,  B)  was  obtained  by  placing  the  tambour  of  a  Brondgeest's 
pansphygmograph  upon  the  xiphoid  process,  and  recording  the  movement  upon  a 
plate  attached  to  a  vibrating  tuning-fork.  The  inspiration  (ascending  limb)  begins 
Avith  moderate  rapidity,  is  accelerated  in  the  middle,  and  towards  the  end  again 
becomes  slower.  The  expiration  also  begins  with  moderate  rapidity,  is  tlien 
accelerated,  and  becomes  much  slower  at  the  latter  part,  so  that  the  curve  falls 
very  gradually. 

Inspiration  is  slightly  shorter  than  Expiration.— According  to  Sibson,  the 
ratio  for  an  adult  is  as  6  to  7  ;  in  women,  children,  and  old  people,  6  to  8  or  6  to 
9.    Yierordt  found  the  ratio  to  be  10  to  U'l  (to  24-1) ;  J.  K  Ewald,  11  to  12.,. 
[For  all  practical  purposes  the  following  represents  the  ratio —  ^ 

Inspiration  :  Expiration  :  :  5  :  6.]  J  0  ^ 

It  is  only  occasionally  that  cases  occur  where  inspiration  and  expiration  are  equally 
long,  or  where  expiration  is  shorter  than  inspiration.  When  respiration  proceeds 
quietly  and  regularly,  there  is  usually  no  pause  (complete  rest  of  the  chest- walls) 
between  the  inspiration  and  expiration.  The  very  flat  part  of  the  ex|)iratory  curve 
has  been  wrongly  regarded  as  due  to  a  pause.  Of  course,  we  may  make  a  volun- 
tary pause  between  two  respirations,  or  at  any  part  of  a  respiratory  act. 

Some  observers,  however,  have  described  a  pause  as  occurring  between  the  end  of  expiration 
and  the  beginning  of  the  next  inspiration  (expiration  pause),  and  also  another  pause  at  the 
end  of  inspiration  (inspiration  pause).  The  latter  is  always  of  very  short  duration,  and  con- 
siderably shorter  than  the  former.  During  very  deep  and  slow  respiration,  there  is  usually  an 
expiration  pause,  while  it  is  almost  invariably  absent  during  rapid  breathing.  An  inspiration 
pause  is  always  absent  under  normal  circumstances,  but  it  may  occur  under  pathological 
conditions. 

In  certain  parts  of  the  respiratory  curve  slight  irregularities  may  appear,  which  are  sometimes 
due  to  vibrations  communicated  to  the  thoracic  walls  by  vigorous  heart-beats  (fig.  158). 

The  type  of  respiration  "  may  be  ascertained  by  taking  curves  from  various 
parts  during  the  respiratory  movements.  Hutchinson  showed  that,  in  the  female, 
the  thorax  is  dilated  chiefly  by  raising  the  sternum  and  the  ribs  (Respiratio 
costalis),  while  in  man  it  is  caused  chiefly  by  a  descent  of  the  diaphragm  (Respiratio 
diaphragmatica  or  abdominalis).  In  the  former,  there  is  the  so-called  "  costal 
type,"  in  the  latter  the    diaphragmatic  or  abdominal  type." 

This  difference  in  the  type  of  respiration  in  the  sexes  occurs  only  during  normal  quiet  respira- 
tion. During  deep  and  forced  respiration,  in  both  sexes  the  dilatation  of  the  chest  is  caused 
chiefly  by  raising  the  chest  and  the  ribs.  In  man,  the  epigastrium  may  be  pulled  in  sooner 
than  it  is  protruded.  During  sleep,  the  type  of  respiration  in  both  sexes  is  thoracic,  while  at 
the  same  time  the  inspiratory  dilatation  of  the  chest  precedes  the  elevation  of  the  abdominal 
wall  {Mosso).  It  is  not  determined  whether  the  costal  type  of  respiration  in  the  female  depends 
upon  the  constriction  of  the  chest  by  corsets  or  other  causes  [Sibson),  or  whether  it  is  a  natural 
adaptation  to  the  child-bearing  function  in  women  {Hutchinson).  Some  observers  maintain  that 
the  difference  of  type  is  quite  distinct,  even  in  sleep,  when  all  constrictions  are  removed;  and 
that  similar  differences  are  noticeable  in  young  children.  This  is  denied  by  others,  while  a 
third  class  of  observers  hold  that  the  costal  type  occurs  in  children  of  both  sexes,  and  they 
ascribe  as  a  cause  the  greater  flexibility  of  the  ribs  of  children  and  women,  which  permits  the 
mu^scles  of  the  chest  to  act  more  efficiently  upon  the  ribs. 

111.  PATHOLOGICAL.  —[Examination  of  the  Lungs.  —The  same  methods  that  are  applicable 
to  the  heart  apply  here  also,  viz.— 

I.  Inspection  (including  Mensuration). 
IL  Palpation  (including  vocal  fremitus). 

III.  Percussion  (including  sense  of  resistance)  ;  and 

IV.  Auscultation  (including  vocal  resonance).  ] 
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[By  inspection  we  may  determine  the  presence  of  symmetrical  or  unilateral  alterations  m 
the  shape  of  the  chest,  the  presence  of  bulging  or  flattening  at  one  part,  and  variations  m  the 
movement  of  the  chest-walls.  By  palpation,  the  presence  or  absence,  character,  seat,  a,nd  extent 
of  any  movements  are  more  carefully  examined.  But  we  may  also  study  w^hat  is  callea  vocal 
fremitus  (§  117),  Percussion  (§  114),  Auscultation  (§  116).]  ^nn^ 

[In  investigating  the  respiratory  movements,  we  should  observe  (1),  the  frequency  109)  ; 
(2),  the  type  (§  110)  ;  (3),  the  nature,  character,  and  extent  of  the  movements,  noting  also 
whether  they  are  accompanied  by  pain  or  not  (§  110)  ;  (4),  the  rhythm.] 

L  Changes  in  the  mode  of  Movement. —In  persons  suffering  from  disease  of  the  respiratory 
organs,  the  dilatation  of  the  chest  may  be  diminished  (to  the  extent  of  5  or  6  cm.)  on  both  sides 
or  only  on  one  side.  In  affections  of  the  apex  of  the  lung  (in  phthisis),  the  sub-normal  expan- 
sion of  the  upper  part  of  the  wall  of  the  chest  may  be  considerable.    Retraction  of  the  soft  parts 


Fig.  158. 

Pneumatogi-ams  obtained  by  means  of  Eiegel's  stethogi-aph, 


a  case  of  emphysema  ;  a,  ascending  limb  ;  h,  apex 
small  elevations  are  due  to  the  cardiac  impulse. 


I,  normal  curves  ;  II,  curve  from 
c,  descending  limb  of  the  curve.  The 


of  the  thoracic  wall,  the  xiphoid  process,  and  the  parts  where  the  lower  ^'^^^  ^^^^^f^^?^'  ^^^/.^^^ 
incases  where  air  cannot  freely  enter  the  chest  during  inspiration,  e.g.,  ^1  Tt  iXates  that 
when  this  retraction  is  confined  to  the  upper  part  of  the  thoracic  wall,  it  indicates  that 


affected  is  less  extensile  and  diseased. 


larynx 

the  portion  of  the  lung  lying  under  the  part  so  c...^^ — "V:"    p  u  ar^<\  in  wbnm 

Harrison's  Groove.-In  persons  suff^ering  from  chronic  difficulty  f  breathnig,  and  in  w^^^^^^ 
at  the  same  time,  the  diaphragm  acts  energetically,  there  is  a  slight  groove  ^h;^^  P^J^^^^^^^^^^^ 
zontally  outwards  from  the  xiphoid  cartilage,  caused  by  the  pulling  in  of  the  soft  parts  and 
corresponding  to  the  insertion  of  the  diaphragm.  fi^o  +r^,nTiPa 

The  duration  of  inspiration  is  lengthened  in  persons  suffering  from  ^ J^^^ 

or  larynx  ;  expiration  is  lengthened^  cases  of  dilatation  of  the  lung,  as  m  emphysema,  where 
all  the  expiratory  muscles  must  be  brought  into  action  (fig.  158.  11).    _  ^^^^^a  fv^^p 

II.  Variations  in  the  Rhythm. -When  the  respiratory  apparatus  is  much  affected  th^^^^^ 
either  an  increase  or  a  deepening  of  the  respirations,  or  both.    When  there  is  great  difficulty  ot 
breathing,  this  is  called  dyspnoea.  .  fi^a  v.i«r^/l 

Causes^  of  Dyspnoea. -(1)  Limitation  of  the  exchange  of  the  respiratory  gf  ^^^^^^  .^!7,^ 
(a)  diminution  of  the  respiratory  surface  (as  in  some  diseases  the  ungs)  ,  6) 
^     -   -  -  ^         child  sucks,  it  breathes  exclusively  thiou^ 


due  to — (( 
narrowing 
the  nose, 


r  of  the  respiratory  passages,  [when  a  cnua  sucKb,  lu  uicc^un^  TTr^ui.  riar^rrPT-  +n 
hence  catarrhal  conditions  of  the  nasal  mucous  membrane  are  fraught  with  danger  to 
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the  cliild]  ;  (c)  diminution  of  the  red  blood-corpuscles  ;  {cl)  disturbances  of  the  respiratory 
mechanism  {e.g.,  due  to  affections  of  the  respiratory  muscles  or  nerves,  or  painful  affections  of 
the  chest-wall)  ;  (c)  impeded  circulation  through  the  lungs  due  to  various  forms  of  heart- 
disease.  (2)  Heat-dyspnoea. — The  frequency  of  the  respirations  is  increased  in  febrile 
conditions.  The  warm  blood  acts  as  a  direct  irritant  of  the  respiratory  centre  in  the  medulla 
oblongata,  and  raises  the  number  of  respirations  to  30-60  per  minute  ("  Heat-dyspncea  ").  If 
the  carotids  be  placed  in  warm  tubes,  so  as  to  heat  the  blood  going  to  the  medulla  oblongata, 
the  same  phenomena  are  produced  (§  368).] 

[Orthopnoea. — Sometimes  the  difficulty  of  breathing  is  so  great  that  the  person  can  only 
respire  in  the  erect  position,  i.e.,  when  he  sits  or  is  propped  up  in  bed.  This  occurs  frequently 
towards  the  close  of  some  heart  aff"ections,  notably  in  mitral  lesions  ;  dropsical  conditions, 
especially  of  the  cavities,  may  be  present.] 

Cheyne-Stokes'  Phenomenon. — This  remarkable  phenomenon  occurs  in  certain  diseases, 
■where  the  normal  supply  of  blood  to  the  brain  is  altered,  or  where  the  quality  of  the  blood 
itself  is  altered,  e.g.,  in  certain  aff'ections  of  the  brain  and  heart,  and  in  urpemic  poisoning. 
Respiratory  pauses  of  one-half  to  three-quarters  of  a  minute  alfernate  with  a  short  period 
(^-f  min.)  of  increased  respiratory  activity,  and  during  this  time  20-30  respirations  occur. 
The  respirations  constituting  this  "  series  "  are  shallow  at  first  ;  gradually  they  become  deeper 
and  deeper,  and  finally  become  shallow  or  superficial  again.  Then  follows  the  pause,  and  thus 
there  is  an  alternation  of  pauses  and  series  (or  groups)  of  modified  respirations. 

[Fig.  159  sliows  a  tracing  of  tlie  respiratory  movements.  The  increase  from 
sliallow  to  deeper  respirations  is  sometimes  called  the  "  ascending  phase,"  and  the 
reverse  the  "  descending  phase."  As  will  be  seen,  the  pause  occupies  somewhat 
less  than  the  half  of  one  period.    Dixon  IMann  has  recorded  a  case  where  this 


phenomenon  lasted  for  more  than  a  year.]  During  the  pause,  the  pupils  are~con- 
tracted  and  inactive;  and  when  the  respirations  begin,  they  dilate  and  become 
sensible  to  light ;  the  eyeball  is  moved  as  a  whole  at  the  same  time,  [Mann  found 
that  the  pupils  did  not  contract  during  the  pause,  nor  was  there  any  change  in  their 
size  on  the  return  of  breathing.]  Hein  observed  that  consciousness  was  abolished 
during  the  pause,  and  that  it  returned  when  respiration  commenced. 

Causes. — Luciani  and  RosenbacKregard  variations  in  the  excitability  of  the  respiratory  centre 
as  the  cause  of  the  phenomenon,  which  they  compare  with  the  periodic 'contraction  of  the  heart 
(§  58).  The  excitability  of  the  respiratory  centre  is  lowest  during  the  pause.  They  observed 
this  phenomenon  after  injury  to  the  medulla  oblongata  above  the  respiratory  centre,  and 
after  apnoea  produced  in  animals  deeply  narcotised  with  opium,  and  in  the  last  stages  of  asphyxia, 
during  respiration  in  a  closed  space.  During  hybernation,  this  mode  of  respiration  is  normal 
in  Myoxus,  the  hedgehog,  and  the  caiman. 

Periodic  Respiration, — If  frogs  be  kept  under  water,  or  if  the  aorta  be  clamped,  after  several 
hours  they  become  passive.  If  they  be  taken  out  of  the  water,  or  if  the  clamp  ba  removed  from 
the  aorta,  they  gradually  recover  and  always  exhibit  the  Cheyne-Stokes'  phenomenon.  In  such 
frogs  the  blood-current  may  be  arrested  temporarily,  while  the  phenomenon  itself  remains 
{Sokoloia  and  Luchsinger).  If  the  blood-current  be  arrested  by  ligature  of  the  aorta,  or  if  the 
frogs  be  bled,  the  respirations  occur  in  groups.  This  is  followed  by  a  few  single  respirations, 
and  then  the  respiration  ceases  completely.  During  the  pause  between  the  periods,  mechanical 
stimulation  of  the  skin  causes  the  discharge  of  a  group  of  respirations  {Siehert  and 
Langendorff). 

Action  of  Drugs. — Muscarin,  digitalin,  curare,  chloral,  sulphuretted  hydrogen,  and  the 
poison  of  many  infectious  diseases  (typhus,  diphtheria,  scarlet  fever)  may  also  cause  periodic 
respiration  [which  is  not  due  to  the  action  of  these  drugs  on  the  heart]. 


Fig.  159. 

Ti'acing  of  Cheyne-Stokes'  breathing  [Gibson). 
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Periodic  respiration  without  any  variation  in  the  size  of  the  individual  respirations— the  so- 
called  "Biot's  respiration  "—occurs  normally  during  sleep.  While  the  nervous  system  as  it 
were  strives  to  rest,  and  thus  forgets  the  respiration,  the  organism  does  not  observe  the  short 
pauses  {Mosso).  [There  is  a  periodic  increase  or  decrease  in  the  depth  of  the  respiration, 
especially  in  old  people  and  children,  even  to  the  extent  of  the  respiration  becoming  "remit- 
tent," or  even  "  intermittent,"  for  a  period  of  30  sec.  during  sleep.  During  periodic  respiration 
the  action  of  the  several  respiratory  muscles  does  not  coincide.  As  a  rule,  one  respires  more 
than  is  required  by  the  organism.  Mosso  calls  this  "  luxus-respiration."]  Periodic  irregu- 
larities in  the  respiration  are  often  of  reflex  origin  {Knoll). 

112.  GENERAL  VIEW  OF  THE  RESPIRATORY  MUSCLES. 
(A)  Inspiration. 
I,  During  Ordinary  Inspiration. 

1 .  The  diaphragm  {Nervus  ]jlirenicus). 

2.  The  Mm.  levatores  costarum  loiigi  et  breves  {Rami posteriores  Nn.  dorsalium). 

3.  The  Mm.  intercostales  externi  et  intercartilaginei  {Nn.  intercostales). 

[Ordinary  inspiration,  therefore,  is  both  diaphragmatic  and  costal,  i.e.,  it  is 
essentially  a  muscular  act  brought  about  under  the  influence  of  the  central  nervous 
system,  by  a  series  of  co-ordinated  muscular  movements.  The  diaphragm  contracts, 
and  the  ribs  are  raised,  at  least  all  except  the  first.  The  ribs  are  raised  by  the 
levatores  costarum,  and  the  external  and  internal  intercostal  muscles  (p.  201).] 

II.  During  Forced  Inspiration. 

{a)  Muscles  of  the  Trunk. 

1.  The  three  Mm.  scaleni  {Rami  musculares  of  the  plexus  cervicalis  et  hrachicdis). 

2.  M.  sternocleidomastoideus  {Ram.  externus  N.  accessorii). 

3.  M.  trapezius  {R.  externus  N.  accessorii  et  Ram.  musculares  plexus  cervicalis). 

4.  M.  pectoraHs  minor  {Nn.  thoracici  anteriores). 

5.  M.  serratus  posticus  superior  {N.  dorsalis  scapulce). 

6.  Mm.  rhoniboidei  {N.  dorsalis  scapulce). 

7.  Mm.  extensores  columnse  vertebralis  {Ram.  posteriores  nervorum  dorsalium). 
[8.  Mm.  serratus  anticus  major  {N.  thoracicus  lo7igus).1f\ 

{h)  Muscles  of  the  Larynx. 

1.  M.  sternohyoideus  {Ram.  descenderis  hypoglossi). 

2.  M.  sternothyreoideus  {Ram.  descendens  hypoglossi). 

3.  M.  crico-arytaenoideus  posticus  {N.  laryiigeus  inferior  vagi). 

4.  M.  thyreo-arytaenoideus  {N.  laryngeus  inferior  vagi). 

{c)  Muscles  of  the  Face. 

1.  M.  dilatator  narium  anterior  et  posterior  {N.  facialis). 

2.  M.  levator  alee  nasi  {N.  facialis). 

3.  The  dilators  of  the  mouth  and  nares,  during  forced  respiration,  ["gasping 
for  breath"]  {N  facialis). 

{d)  Muscles  of  the  Pliarynx. 

1.  M.  levator  veh  palatini  /aaWes). 

2.  M.  azygos  uvulse  (iV. /^^cmZ^'s). 

3.  According  to  Garland,  the  pharynx  is  always  narrowed. 

[Or,  classified  according  to  their  action,  the  auxiliary  muscles  of  forced  inspiration 
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are  those  that  elevate  the  ribs  directly  or  indirectly,  or  fix  the  lower  jaw,  so  that 
muscles  attached  to  the  hyoid  bone  can  act  {Rutherford). 

!Mylo-hyoid. 
Genio-hyoid. 
Stylo-hyoid. 
Digastric. 

/  Sterno-mastoid. 
™,     ,  .      .    ,  ,  )  Sterno-hyoid. 

Fne  sternum  is  raised  by  -  gterno-thyroid. 

V  Thyrodiyoid. 

[  Scaleni. 

The  upper  ribs  are  raised  by]  Cervicalis  ascendens. 

(  Serratus  posticus  superior. 

t  Trapezius. 

The   shoulder   girdle  is    raised   and  )  Levator  anguli  scapulae. 
drawn  bacJiivards  by  j  Rhomboideus  major. 

\        „  minor. 

^,       77     .  7        77       ,7      .7   { Pectoralis  major. 

The  follomng  muscles  pidl  on  the  ribs  \  minor 
and  tend  to  approach  them  to  the  raised  <^  Subcl'avius 
shoidder  girdle  [  geriet™  mgnus.] 

(B)  Expiration. 

I.  During  Ordinary  Respiration. 

Tlie  thoracic  cavity  is  diminished  by  the  loeight  of  the  chest-wall,  the  elasticity 
of  the  lungs,  costal  cartilages,  and  abdominal  wall  and  abdominal  contents. 

[Ordinary  expiration,  therefore,  is  non-muscular,  and  the  act  is  a  purely  passive 
one.] 

II.  During  Forced  Expiration. 

Tlie  Abdominal  Muscles. 

1.  The  abdominal  muscles  [including  the  obliquus  externus  and  internus,  and 
transversalis  abdominis]  {Nn.  abdominis  internis  anteriores  e  nervis  intercostalibus, 
8-12). 

2.  Mm.  intercostales  interni,  so  far  as  they  lie  between  the  osseous  parts  of  the 
ribs,  and  the  Mm.  infracostales  {JSfn.  intercostcdes). 

3.  M.  triangularis  sterni  {Nn.  intercostales). 

4.  M.  serratus  posticus  inferior  {Ram.  externi  nerv.  dorsalium). 

5.  M.  quadratus  lumborum  {Ram.  muscular  e  plexu  lumbali). 

6.  Rectus  abdominis  {Nn.  intercostales,  7-12). 

7.  Levator  ani  {Nn.  sacrales,  3-4). 

''  Obliquus  externus. 

\The  abdominal  contents  are  compressed    rp^^'\,,^,,„^,""i^^l^i^^!' • 
L  .,,77.7         7         i  iransversus  abaommis. 

and  forced  against  the  diaphragm  by  Levator  ani 

Rectus  abdominis. 

/'  Rectus  abdominis. 
r,,j  )  Quadratus  lumborum. 

Ihe  ribs  are  depressed  by  J  I^^^^i^^  posticus  inferior. 

(  Triangularis  sterni.] 

113.  ACTION  OF  THE  INDIVIDUAL  RESPIRATORY  MUSCLES. —(A)  Inspiration.— (1) 
The  Diaphragm  arises  from  the  cartilages  and  the  adjoining  osseous  parts  of  the  lower  six  ribs 
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(costal  portion),  by  two  thick  processes  or  crura,  from  the  upper  three  or  four  lumbar  vertebrse, 
and  a  sternal  portion  from  the  back  of  the  ensiform  process.  It  represents  an  arched  double 
cupola  or  dome-shaped  partition,  directed  towards  the  chest;  in  the  larger  concavity  on  the 
right  side  lies  the  liver,^ while  the  smaller  arch  on  the  left  side  is  occupied  by  the  spleen  and 
stomach.  During  the  passive  condition,  these  viscera  are  pressed  against  the  under  surface  of 
the  diaphragm  by  the  elasticity  of  the  abdominal  walls,  and  by  the  intra-abdominal  pressure, 
so  that  the  arch  of  the  diaphragm  is  pressed  upwards  into  the  chest.  The  elastic  traction  of 
the  lungs  also  aids  in  producing  this  result.  The  greater  part  of  the  upper  sxn-face  of  the 
central  tendon  of  the  diaphragm  is  united  to  the  pericardium.  The  part  on  which  the  heart 
rests,  and  which  is  perforated  by  the  inferior  vena  cava  (foramen  quadrilaterum)  is  the  deepest 
part  of  the  middle  portion  of  the  diaphragm  during  the  passive  condition. 

Action  of  the  Diaphragm. — When  the  diaphragm  contracts,  both  arched 
portions  become  flatter,  and  the  chest  is  thereby  elongated  from  above  downwards. 
In  this  act,  the  lateral  muscular  parts  of  the  diaphragm  pass  from  an  arched 
condition  into  a  flatter  form  (fig.  160),  and  during  a  forced  inspiration  the  lowest 

lateral  portions,  which  during  rest  are  in 
contact  with  the  chest- wall,  become  separated 
from  it.  The  middle  of  the  central  tendon 
where  the  heart  rests,  (fixed  by  means  of 
the  pericardium  and  inferior  vena  cava), 
takes  no  share  in  this  movement,  especially 
in  ordinary  quiet  breathing,  but  during  the 
deepest  inspiration  it  sinks  somewhat. 

Undoubtedly,  the  diaphragm  is  the  most  powerful 
agent  in  increasing  the  cavity  of  the  chest.  Brücke 
believes  that  in  addition  to  increasing  the  length  of 
the  thoracic  cavity  from  above  downwards,  it  also 
increases  the  transverse  diameter  of  the  lower  part 
of  the  chest.  It  presses  upon  the  abdominal  viscera 
from  above,  and  strives  to  press  these  outwards, 
thus  tending  to  push  out  the  adjoining  thoracic 
Avail.  If  the  contents  of  the  abdomen  are  removed 
from  a  living  animal,  every  time  the  diaphragm 
contracts  the  ribs  are  drawn  inwards.  This,  of 
course,  hinders  the  chest  from  becoming  wider 
below,  hence  the  presence  of  the  abdominal  viscera 
seems  to  be  necessary  for  the  normal  activity  of  the 
diaphragm.  Every  contraction  of  the  diaphragm, 
by  increasing  the  intra-abdominal  pressure,  favours 
the  venous  blood- current  in  the  abdomen  towards 
the  vena  cava  inferior. 

Phrenic  Nerve. — The  immense  importance  of  the 
diaphragm  as  the  great  insjmntory  muscle  is  proved 
by  the  fact  that,  after  both  phrenic  nerves  (third  and 
fourth  cervical  nerves)  are  divided,  death  occurs  in 
some  animals.  [In  animals  where  the  intercostal 
muscles  play  a  large  part  in  the  act  of  inspiration, 
as  in  the  dog,  section  of  these  nerves  does  not  produce  death  rapidly.]  The  phrenic  nerve 
contains  some  sensory  fibres  for  the  pleura,  pericardium,  and  a  portion  of  the  diaphragm. 
[Ganglionic  cells  have  been  found  in  the  course  of  the  inter-muscular  fibres  of  the  phrenics.] 
The  contraction  of  the  diaphragm  is  not  to  be  regarded  as  a  "simple  muscular  contraction," 
since  it  lasts  4  to  8  times  longer  than  a  simple  contraction  ;  it  is  rather  a  short  tetanic  contrac- 
tion, which  we  may  arrest  in  any  stage  of  its  activity,  without  bringing  into  action  any  anta- 
gonistic muscles  (Kronecker  and  Marckwald). 

(2)  The  Elevation  of  the  Eibs.— The  ribs  at  their  vertebral  ends  (which  lie  much  higher  than 
their  sternal  ends)  are  united  by  means  of  joints  by  their  heads  and  tubercles  to  the  bodies  and 
transverse  processes  of  the  vertebra;.  A  horizontal  axis  can  be  drawn  throirgh  both  jouits, 
around  which  the  ribs  can  rotate  upwards  and  downwards.  If  the  axis  of  rotation  of  each  pair 
of  ribs  be  prolonged  on  both  sides  until  they  meet  in  the  middle  line,  the  angles  so  formed  are 
greatest  above  (125°),  and  smallest  below  (88°).  Owing  to  the  ribs  being  curved,  we  can  imagine 
a  plane  which,  in  the  passive  (expiratory)  condition  of  the  chest,  has  a  slope  from  behind  and 
inwards  to  the  front  and  outwards.  If  the  ribs  move  on  their  axis  of  rotation,  this  plane 
becomes  more  horizontal,  and  the  thoracic  cavity  is  increased  in  its  transverse  diameter.  As 


Fig.  160. 

Sagittal  section  through  the  second  rib  on 
the  right  side.  When  the  arched  mus- 
cular part  of  the  diaphragm  contracts,  a 
wedge-shaped  space,  with  its  apex  down- 
wards, is  formed  around  the  circumfer- 
ence of  the  lower  part  of  the  chest. 
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the  axis  of  rotation  of  the  upper  ribs  runs  in  a  more  ftontal,  and  that  of  the  lower  ribs  in  a 
more  sagittal  direction,  the  elevation  of  the  upper  ribs  causes  a  greater  increase  from  before 
backwards,  and  the  lower  ribs  from  within  outwards  (as  the  movements  of  ribs  which  are 
directed  downwards  are  vertical  to  the  axis).  The  costal  cartilages  undergo  a  slight  tension  at 
the  same  time,  which  brings  their  elasticity  into  play. 

Changes  in  the  Chest. — All  inspiratory  muscles  ivliich  act  diredlij  upon  the 
chest-wall  do  so  hy  raising  the  ribs  : — {a)  When  the  ribs  are  raised,  the  intercostal 
spaces  are  widened,  {h)  When  the  upper  ribs  are  raised,  all  the  lower  ribs  and  the 
sternum  must  be  elevated  at  the  same  time,  because  all  the  ribs  are  connected  with 
each  other  by  means  of  the  soft  parts  of  the  intercostal  sj^aces.  (c)  During  inspira- 
tion, there  is  an  elevation  of  the  ribs  and  a  dilatation  of  the  intercostal  spaces. 
(The  lowest  rib  is  an  exception :  during  forced  respiration,  at  least,  it  is  drawn 
downwards.)  (d)  If,  on  a  preparation  of  the  chest,  the  ribs  be  raised  as  in  insj)ira- 
tion,  we  may  regard  all  those  muscles  as  elevators  of  the  ribs,  whose  origin  and 
insertion  become  approximated.  Every  one  is  agreed  that  the  scaleni  and  levatores 
costarum  lomji  et  hreves,  the  serratus  posticus  superior,  are  inspiratory  muscles. 
These  are  the  most  important  inspiratory  muscles  which  act  upon  the  ribs. 

Intercostal  Muscles.  ^ — With  regard  to  the  action  of  the  intercostal  muscles, 
there  is  a  great  difference  of  opinion.  According  to  the  above  experiment,  the 
external  intercostals  and  the  inter- 
cartilaginous  parts  of  the  internal 
intercostals  act  as  inspiratory  mus- 
cles, whilst  the  remaining  portions 
of  the  internal  intercostals  (as  far 
as  they  are  covered  by  the  exter- 
nal) are  elongated  when  the  ribs 
are  raised,  while  they  shorten  when 
the  chest-wall  descends.  A  muscle 
shortens  only  during  its  activity. 
The  internal  intercostals  were 
regarded  by  Hamberger  as  de- 
pressors of  the  ribs  or  expiratory 
muscles. 

In  fig.  161,  I,  when  the  rods,  a  and 
h  (which  represent  the  ribs),  are  raised, 
the  intercostal  space  must  be  widened 
{e  f>c  d).  On  the  opposite  side  of  the 
figure,  it  is  evident  that  when  the  rods 
are  raised,  the  line,  g  h,  is  shortened 
{ik<g  h,  direction  of  the  external  inter- 
costals) I  m  is  lengthened  {I  m<o  n, 
direction  of  internal  intercostals).  Fig. 
161,  II,  shows,  that  when  the  ribs  are 
raised,  the  inter- car tilaginei,  indicated 
by  g  h,  and  the  external  intercostals, 
indicated  by  I  k,  are  shortened.  When 
the  ribs  are  raised,  the  position  of  the 
muscular  fibres  is  indicated  by  the  dia- 
gonal of  the  rhomb  becoming  shorter. 

The  mode  of  action  of  the  intercostal  muscles  is  an  old  story,  Galen  (131-203  A.D.)  regarding 
the  externals  as  inspiratory,  the  internals  as  expiratory.  Bamberger  (1727)  accepted  this 
proposition,  and  considered  the  intercartilaginei  also  as  inspiratory.  Haller  looked  upon  both 
the  external  and  internal  intercostals  as  inspiratory,  while  Vesalius  (1540)  regarded  both  as 
expiratory.  Landerer,  observing  that  the  upper  two  or  three  intercostal  spaces  became  narrower 
during  inspiration,  regarded  both  as  active  during  inspiration  and  expiration.  They  keep  one 
rib  attached  to  the  other,  so  that  their  action  is  to  transmit  any  strain  put  upon  them  to  the 
wall  of  the  chest.  On  this  vicAV  they  will  be  in  action,  even  when  the  distance  between  their 
points  of  attachment  becomes  greater.  Landois  regards  the  external  intercostals  and  inter- 
cartilaginei as  active  only  during  inspiration,  the  intei'nal  intercostals  only  during  expiration. 


Fig.  161. 

Scheme  of  the  action  of  the  intercostal  muscle«. 
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Martin  and  Hartwell  exposed  the  internal  intercostals,  and  observed  whether  they  contracted 
along  with  the  diaphragm,  or  whether  the  contractions  of  these  two  muscles  alternate.  As  the 
result  of  their  experiments,  they  conclude  that  "the  internal  intercostal  muscles  are  expiratory 
throughout  their  whole  extent,  at  least  in  the  dog  and  cat ;  and  that  in  the  former  animal  they 
are  almost  'ordinary'  muscles  of  respiration,  while  in  the  latter  they  are  'extraordinary' 
res])iratory  muscles."]  Landois  is  of  opinion  that  the  chief  action  of  these  muscles  is  not  to 
raise  or  depress  the  ribs,  but  rather  that  the  external  intercostals  and  the  intercartilaginei  ofTer 
resistance  to  the  inspiratory  dilatation  of  the  intercostal  spaces,  and  to  the  simultaneously 
increased  elastic  tension  of  the  lungs.  The  internal  intercostals  act  during  powerful  expiratory 
efforts,  {e.g.,  coughing),  and  oppose  the  distention  of  the  lungs  and  chest  caused  by  this  act. 
Unless  muscles  were  present  to  resist  the  uninterrupted  tension  and  pressure,  the  intercostal 
substance  would  become  so  distended  that  respiration  would  be  impossible.  [According  to 
Rutherford,  the  internal  intercostals  are  probably  muscles  of  inspiration.] 

Tlie  Pectoralis  minor  and  (?Serratus  anticus  major)  can  only  act  as  elevators 
of  the  ribs  when  the  shoulders  are  fixed,  partly  by  the  rhoniboidei,  and  partly  by 
fixing  the  shoulder-joint  and  supporting  the  arms,  as  is  done  instinctively  by 
persons  suffering  from  breathlessness. 

(3)  Muscles  acting  on  the  Sternum,  Clavicle,  and  Vertel)ral  Column.— When 
the  head  is  fixed  by  the  muscles  of  the  neck,  the  sternocleidomastoid  raises  the 
manubrium  sterni  and  the  sternal  end  of  the  clavicle,  so  that  the  thorax  is  raised 
and  thereby  dilated.  The  scaleni  also  aid  in  this  act.  The  clavicular  portion  of 
the  trapezius  may  act  in  a  similar  although  less  energetic  manner.  When  the 
vertebral  column  is  straightened,  it  causes  an  elevation  of  the  upper  ribs,  and  a 
dilatation  of  the  intercostal  spaces  which  aid  inspiration.  During  deep  respiration, 
the  straightening  of  the  vertebral  column  takes  place  involuntarily. 

(4)  Laryngeal  Movements. — During  laboured  respiration,  with  every  inspiration, 
the  larynx  descends  and  the  glottis  is  opened.  At  the  same  time  the  palate  is 
raised,  so  as  to  permit  a  free  passage  to  the  air  entering  through  the  mouth. 

(5)  Facial  Movements.— During  laboured  respiration,  the  facial  muscles  are 
involved  ;  there  is  an  inspiratory  dilatation  of  the  nostrils  (well  marked  in  the  horse 
and  rabbit).  When  the  need  for  respiration  is  very  great,  the  mouth  is  gradually 
Avidened,  and  the  person  as  it  were  gasps  for  breath.  During  expiration,  the 
muscles  that  are  active  during  (4)  and  (5)  relax,  so  that  a  position  of  equilibrium 
is  estabhshed  without  there  being  any  active  expiratory  movement  to  counteract 
the  inspiratory  movement.     During  inspiration  the  pharynx  becomes  narrow 

(Garland).  i.      -j  r 

(B)  Expiration. — Ordinary  expiration  occurs  without  the  aid  oi  muscles, 

(3wing  to  the  weight  of  the  chest-wall,  which  tends  to  fall  into  its  normal  position 
fromlihe  position  to  which  it  was  raised  during  inspiration.  This  is  aided  by  the 
elasticity  of  the  various  parts  of  the  chest.  When  the  costal  cartilages  are  raised, 
Avhich  is  accompanied  by  a  slight  rotation  of  their  lower  margins  from  below 
forwards  and  upwards,  their  elasticity  is  called  into  play.  As  soon,  therefore,^  as 
tlie  inspiratory  forces  cease,  the  costal  cartilages  return  to  their  normal  position,  i.e., 
the  position  of  expiration,  and  tend  to  untwist  themselves ;  at  the  same  time,  the 
elasticity  of  the  distended  lungs  draws  upon  the  thoracic  walls  and  the 
diaphragm.  Lastly,  the  tense  and  elastic  abdominal  walls,  which,  in  man 
chiefly,  are  stretched  and  pushed  forward,  tend  to  return  to  their  non-distended 
passive  condition  when  the  abdominal  viscera  are  reheved  from  the  pressure  of 
the  contracted  diaphragm.  (When  the  position  of  the  body  is  reversed,  the  action 
of  the  weight  of  the  chest  is  removed,  but  in  place  of  it  there  is  the  weight  of  the 
viscera,  which  press  upon  the  diaphragm.) 

The  abdominal  muscles  [obliquus  internus  and  externus,  rectus  abdominis, 
transversalis  abdominis  and  levator  ani]  are  always  active  during  laboured  respiration. 
They  act  by  diminishing  the  abdominal  cavity,  and  they  press  the  abdominal 
contents  upwards  against  the  diaphragm.  When  they  act  simultaneously,  the 
abdominal  cavity  is  diminished  throughout  its  whole  extent.    The  triangularis 
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sterni  depresses  the  sternal  ends  of  the  united  cartilages  and  bones,  from  the  third 
to  sixth  ribs  downwards ;  and  the  serratus  posticus  inferior  depresses  the  lowest 
four  ribs,  causing  the  others  to  follow.    It  is  aided  by  the  quadratus  lumborum, 

which  depresses  the  last  rib.  According  to  Henle,  the  serratus  posticus  inferior 
fixes  the  lower  ribs  for  the  action  of  the  slips  of  the  diaphragm  inserted  into  them, 
so  that  it  acts  during  inspiration.  According  to  Landerer,  the  downward  movement 
of  the  ribs  in  the  lower  part  of  the  thorax  dilates  the  chest. 

In  the  erect  position,  when  the  vertebral  column  is  fixed,  deep  inspiration  and  expiration 
naturally  alter  the  position  of  the  centre  of  gravity,  so  that  during  inspiration,  owing  to  the 
protrusion  of  the  thoracic  and  abdominal  walls,  the  centre  of  gravity  lies  somewhat  more  to 
the  front.  Hence,  with  each  respiration  there  is  an  involuntary  balancing  of  the  body.  During 
very  deep  inspiration,  the  accompanying  straightening  of  the  vertebral  column  and  the  throwiug 
backwards  of  the  head  compensate  for  the  protrusion  of  the  anterior  walls  of  the  trunk. 


114.  RELATIVE  DIMENSIONS  OF  THE  CHEST.— The  diameter  of  the 
chest  is  ascertained  by  means  of  callipers  ;  the  circumference  Avith  a  flexible  centi- 
metre or  other  measure. 

In  strong  men,  the  circumference  of  the  upper  part  of  the  chest  (immediately 
under  the  arms)  is  88  centimetres  (34'3  inches),  in  females  82  centimetres  (32 
inches) ;  at  the  level  of  the  ensiform  process  82  centimetres  (32  inches)  and  78 
centimetres  (304  inches)  respectively.  [In  health  the  chest  expands  from  1|  to  5 
inches  during  forced  inspiration.]  When  the  arms  are  placed  horizontally,  during 
moderate  expiration,  the  circumference  immediately  under  the  nipple  and  the 
angles  of  the  scapulse  is  equal  to  half  the  length  of  the  body ;  in  man  82,  and 
during  deep  inspiration  89  centimetres.  The  circumference  at  the  level  of  the 
ensiform  cartilage  is  6  centimetres  less.  In  old  people,  the  circumference  of  the 
upper  part  of  the  chest  is  diminished,  so  that  the  lower  part  becomes  the  wider  of 
the  two.  The  right  half  of  the  chest  is  usually  slightly  larger  than  the  left  half, 
owing  to  the  greater  development  of  the  muscles  on  that  side.  The  long  diameter 
of  the  chest— from  the  clavicle  to  the  margin  of  the  lowest  rib— varies  very  much. 

The  transverse  diameter  in  man,  above  and  below,  is  25  to  26  centimetres 
(9-7  to  10-1  inches),  in  females  23  to  24  centimetres  (8'9  to  9  2  inches);  above 
the  nipple  it  is  1  centimetre  more.  The  antero-posterior  diameter  (distance  of 
anterior  chest-wall  from  the  tip  of  a  spinous  process)  in  the  upper  part  of  the  chest 
is  =17  (6-6  inches),  in  the  lower  19  centimetres  (74  inches).    Valentin  found 
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that  in  a  man,  during  the  deepest  inspiration,  the  chest  on  a  level  with  the  groove 
in  the  heart  was  increased  about  yV  y ;  while  Sibson  estimates  the  increase  at 
the  level  of  the  nipple  to  be  y^- 

Thoracometer. — In  order  to  obtain  a  knowledge  of  the  degi-ee  of  movement — rising  or  fall- 

ino-  of  the  chest-wall  during  respiration,  various  instruments  have  been  invented.  The 

thoracometer  (fio-.  163)  measures  the  elevation  in  different  parts  of  the  sternum.  It  consists  of 
two  metallic  bars  placed  at  right  angles  to  each  other  ;  one  of  them,  A,  is  placed  on  the 
vertebral  column.  On  B  there  is  placed  a  movable  transverse  bar,  C,  which  carries  on  its  free 
end  a  toothed  rod,  Z,  directed  downwards.  The  lower  end  of  this  rod  is  provided  with  a  pad 
which  rests  on  the  sternum,  while  its  toothed  edge  drives  a  small  wheel,  which  moves  an  index, 
whose  excursions  are  indicated  on  a  circle  with  a  scale  attached  to  it. 

The  Cyrtometer  of  Woillez  consists  of  a  brass  chain  of  movable  links,  to  be  applied  in  a 
definite  direction  to  part  of  the  chest-wall,  e.g.,  transversely  on  a  level  with  the  nipple,  or 
vertically  upon  the  mammillary  or  axillary  lines  anteriorly.  There  are  freely  movable  links  at 
two  parts,  which  permit  the  chain  to  be  easily  removed,  so  that  as  a  whole  it  still  retains  its 
form.  The  chain  is  laid  upon  a  sheet  of  paper,  and  a  line  drawn  with  a  pencil  around  its  inner 
margin  gives  the  form  of  the  thorax  (fig.  162).  [Two  thin  bands  of  lead  united  by  a  leather  hinge 
answers  the  same  purpose.] 

Anatomical  Relations  and  Limits  of  the  Lungs.— The  extent  and  boundaries 
of  the  lungs  are  ascertained  in  the  living  subject  by  means  of  percussion,  which 
consists  in  lightly  tapping  the  chest-wall  by  means  of  a  percussion-hammer.  A 


Fig.  164. 

Topography  of  the  lungs  and  heart,  li,  I,  upward  limit  of  margin  of  lung  during  deepest  expira- 
tion ;  m,  n,  lower  limit  during  deepest  inspiration  ;  t,  t',  t",  triangular  area  Avhere  the 
heart  is  uncovered  by  lung,  dull  percussion-sound  ;  d,  d' ,  d" ,  muffled  percussion-sound  ; 
i,  i',  anterior  margin  of  left  lung  reaches  this  line  during  deep  inspiration,  and  during  deep 
expiration  it  recedes  as  far  as  e,  e'. 

small  ivory  or  bone  plate  or  pleximeter,  held  in  the  left  hand,  is  laid  on  the  "chest, 
and  the  hammer  is  made  to  strike  this  plate,  whereby  a  sound  is  emitted,  which 
sound  varies  with  the  condition  of  the  subjacent  lung-tissue.  Whenever  the  lung- 
substance  in  contact  with  the  chest-wall  contains  air,  a  clear  resonant  tone  or 
soimd— such  as  is  obtained  by  striking  a  vessel  containing  air,  a  clear  percussion- 
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sound — is  obtained.  Where  the  hmg  does  not  contain  air,  a  dull  sound — like 
striking  a  limb — is  obtained.  If  the  parts  containing  air  be  very  thin,  or  only 
partially  filled  with  air,  the  sound  is  "muffled." 

Fig.  164  indicates  the  relation  of  the  lungs  to  the  anterior  surface  of  the  chest. 
The  apices  of  the  lungs  reach  3  to  7  centimetres  (1*1  to  2*7  inches)  above  the 
clavicles  anteriorly,  while  posteriorly  they  reach  as  high  as  the  level  of  the 
seventh  spinous  process.  The  loiuer  margin  of  the  right  hmg  in  the  passive  position 
(moderate  expiration)  of  the  chest,  commences  at  the  right  margin  of  the  sternum 
at  the  insertion  of  the  sixth  rib,  runs  under  the  right  nipple,  nearly  parallel  to  the 
upper  border  of  the  sixth  rib,  and  descends  a  little  in  the  axillary  line,  to  the 
upper  margin  of  the  seventh  rib,  or  even  to  the  eighth  rib  [and  to  the  ninth  rib  in 
the  scapular  line].  On  the  left  side  (apart  from  the  position  of  the  heart),  the 
lower  limit  reaches  as  far  down  anteriorly  as  the  right.  In  fig.  164  the  line  a,  t,  h 
shows  the  lowest  limit  of  the  passive  lungs.  Posteriorly  both  lungs  reach  as  far 
down  as  the  tenth  rib.  During  the  deepest  irispiration,  the  lungs  descend  anteriorly 
as  far  as  between  the  sixth  and  seventh  ribs,  and  posteriorly  to  the  eleventh  rib — 
whereby  the  diaphragm  is  separated  from  the  thoracic  wall  (fig.  164).  During  the 
deepest  expiration^  the  lower  margins  of  the  lungs  are  elevated  almost  as  much  as 
they  descend  during  inspiration.  In  fig.  164,  n  indicates  the  margin  of  the 
right  lung  during  deep  inspiration  ;  /,  during  deep  expiration.  [The  part  of  the 
chest- wall  covered  by  the  costal  pleura  is  considerably  larger  than  the  circumference 
of  the  lung.  This  is  specially  marked  at  the  lower  margin  of  the  lung,  and  where 
the  left  lung  is  incised  over  the  heart.  In  these  regions,  during  expiration,  the 
surfaces  of  the  visceral  and  parietal  pleurae  are  in  contact,  but  during  inspiration 
they  are  separated,  and  allow  the  thin  margins  of  the  lung  to  be  insinuated 
between  them.  This  available  space  is  called  complemental  space,-or  "  disposable" 
or  reserve  pleural  space  by  Luschka  (fig.  62).] 

It  is  important  to  observe  the  relation  of  the  margin  of  the  left  lung  to  the  heart. 
In  fig.  164  a  somewhat  triangular  space,  reaching  from  the  middle  of  the  point  of 
insertion  of  the  fourth  rib  to  the  sixth  rib  on  the  left  side  of  the  sternum,  is 
indicated.  In  the  passive  chest  the  anterior  surface  of  the  pericardium  lies  in 
contact  with  the  inner  surface  of  the  thoracic  wall  in  this  triangular  area  (§  56), 
This  area  is  represented  by  the  triangle,  ^,  t\  t",  and  percussion  over  it  gives  a  dull 
sound  (superficial  cardiac  dulness,  p.  88). 

In  the  area  of  the  larger  triangle,  d,  d',  d",  where  the  heart  is  separated  from  the 
chest-wall  by  the  thin  anterior  margins  of  the  lung,  percussion  gives  a  muffled 
sound,  while  further  outwards  a  clear  lung  percussion-sound  is  obtained.  During 
deep  inspiration,  the  inner  margin  of  the  left  lung  reaches  over  the  heart  as  far  as 
the  insertion  of  the  mediastinum,  whereby  the  dull  sound  is  limited  to  the 
smallest  triangle,  if,  i,  i'.  Conversely,  during  very  complete  expiration,  the  margin 
of  the  lung  recedes  so  far  that  the  cardiac  dulness  embraces  the  space,  t,  e,  e'. 

[The  right  lung  consists  of  three  lobes,  and  the  left  of  two.  The  relations  of 
these  lobes  to  the  chest-wall  are  important  clinically,  and  may  be  tabulated  as 
follows,  according  to  Gibson  and  Kussell : — 


Right  Lung  (3  lobes). 


Anteriorly 
(Mammary  line). 

1 

Laterally.  Posteriorly. 

Upper  lobe, 
Middle  lobe, 

Loiver  lohe, 

From  apex  to  4th  or 

5th  lib. 
From  4  th  or  5th  rib  to 

inferior   margin  of 

lung. 

Nil, 

To  4th  rib. 

From  4th  to  6th  rib. 

From  6th  to  8th  rib. 

From  apex  to  spine  of 
scapula. 

Nil. 

From  spine  of  scapula  to 
10th  rib. 
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Left  Lung  (2  lobes). 


Anteriorly 
(Mammary  line.) 

Laterally. 

Posteriorly. 

Upper  lohe, 
Lower  Wbe, 

From  apex  to  6th  rib. 
Nil. 

To  4tli  rib. 

From  4th  rib  to  base. 

From  apex  to  spine  of 

scapula. 
From  spine  of  scapula  to 

base. 

Lear  re- 


115  PATHOLOGICAL  PEECUSSION-SOUNDS.— Abnormal  Dulness.— The  normal  el 
sonant  percussion-sound  of  the  lungs  becomes  muffled  when  infiltration  takes  place  into  the 
lu  as  sfas  to  diminish  the  normal  amount  of  air  within  the.n  or  when  the  lungs  are  com- 
pSd  from  without,  e.g.,  by  effusion  of  fluid  into  the  pleura     The  percussion-sound  becomes 
dearei  when  ilie  che  t-wa  1  is  very  thin,  as  in  spare  individuals,  during  very  deep  inspiration 
rnresp^dally  Ü1  emphysema,  where  the  air-vesicles  of  certain  parts  of  the  lung  (apices  and 

ought  also  to  be  noted.  It  depends  upon  the  greater  or 
less  tension  of  the  elastic  pulmonary  tissue,  and  on  the  elasticity  of  the  thoracic  waU.  Ihe 
tension  of  X  elastic  tissue  is  increased  during  inspiration  and  diminished  during  expiration, 
so  that  even  under  physiological  conditions  the  pitch  of  the  sound  vanes.  .         ^.  , 

The  sound^s  said  to  be  tympanitic  when  it  has  a  musical  quahty  resembling  m  its  timbre 
the  sound  Troduceä  on  druins,  and  when  it  has  a  slight  variation  in  pitch.  If  a  caoutchouc 
taU  be  li-cl  near  the  ear,  on'tapping  it  gently  a  -eU-marked  t^^^^^^^ 

the  sound  is  of  hierher  pitch  the  smaller  the  diameter  of  the  ball  A  tympanitic  sound  is 
alwarpioduced  on°  tapping  the  trachea  in  the  neck.    A  tympamtic  sound  produced  over  the 

the  substance  of  the  lung  (the  sound  becomes  deeper  when  the  mouth,  or  better,  the  moutu 
lud  nose  aie  closed),  when  air  is  present  in  one  pleural  cavity,  as  well  as  m  conditions  where 
the  ?enLn  of  tTe  pulmonary  tis  ues  is  diminished.  The  tympanitic  sound  resembles  the 
mäcMü  Zmiur^  is  heard  in  large  pathological  cavities  in  the  lungs  or  which  occurs 
Self       p^^^^^^^  contains  air,  and  when  the  conditions  which  permit  a  more  uniform 

reflection  of  the  sound-waves  within  the  cavity  are  present.  •  ^    •     ^.-u  ;i 

[When  a  cavity,  freely  communicating  with  a  large  bronchus,  exists  m  the  upper  ^nd 
ant^ior  part  of  the  lung,  a  peculiar  -  cracked-pot  sound "  is  heard  on  percussing  oyer  the 
part  Son?e  notion  of  this  soimd  may  be  obtained  by  clasping  the  two  hands  so  as  to  bring  the 
pa  ms  iXly  together,  leaving  an  air-space  between,  and  then  strikmg  them  on  the  knee 
When  percussion  is  made  ovei  a  large  cavity  communicating  AVith  a  bronchus,  some  of  the  air 
is  expeS  aT^^  sound  thereby  emitted  is  blended  with  the  fundamental  note  of  the  air  m 
Cavity  Self  the  combination  of  these  two  sounds  thus  producing  the  ''cracked-pot 

'""lleiiltance  -When  percussing  a  chest,  we  may  determine  whether  the  substance  lying  under 
thf  poifon  of  thrchest^under  exIiminatiJn  presents  great  or  snaall  resistance  to  the  blow  erther 
of  the  percussion-hammer  or  of  the  tips  of  the  ^^g^' ^^rS  wail  ?' '  ' 
pleuritic  effusion  exerting  much  pressure  on  and  l''         ]  o.  the  cLs^        over  a  part 

Phonometrv  —If  the  stem  of  a  vibrating  tuning-fork  be  placed  on  the  chest- wail  over  a  pait 
coSfnTaii- 'its  sol  is  intensified  ;  but  if  it  be  placed  over  a  portion  of  the  lung  which 
contains  little  or  no  air,  its  sound  is  enfeebled  {von  Baas). 

116  THE  NORMAL  RESPIRATORY  SOUNDS.— If  the  ear  directly,  or 
throudi  the  medium  of  a  stethoscope,  be  placed  in  connection  with  the  chest-wall, 
we  hear  over  the  entire  area,  where  the  lung  is  in  contact  with  _the_  chest,  the  so- 
called  "normal  vesicular  sound,"  which  is  audible  during  tnsptratwn,  and  its 
typical  characters  may  be  studied  by  listening  in  the  infra-scapular  region  m  an 
adult  It  is  a  fine,  soft,  sighing  or  breezy  sound,  [which  gradually  mcreases  m 
intensity  untilit  reaches  a  maximum,  and  falls  away  before  expiration  begins]. 
It  is  said  to  be  caused  by  the  sudden  dilatation  of  the  air-yesicles  hence  vehi- 
cular") during  inspiration,  and  it  is  also  ascribed  to  the  friction  of  the  current  of 
air  entering  the  alveoH.  The  sound  has,  at  one  time,  a  soft,  at  another,  a  sharper: 
character ;  the  latter  occurs  constantly  in  children  up  to  12  years  of  age  In  their 
case,  the  sound  is  sharper,  because  the  air,  in  entering  ^^^^^^^^^^'^^^^^^ 
is  subjected  to  greater  friction.    This  is  followed  by  an  expiratory  sound,  which 
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may  be  absent  during  quiet  breathing.  It  is  a  feeble  sighing  sound,  of  an  indis- 
tinct soft  character,  caused  by  the  air  passing  out  of  the  air-vesicles,  is  three  or 
four  times  shorter  than  the  inspiratory,  is  loudest  at  first,  and  soon  disappears,  the 
latter  part  of  the  expiratory  act  giving  rise  to  no  audible  sound.  Its  absence  is  not 
a  sign  of  disease,  but  when  it  is  jDrolonged  and  loud,  suspicion  is  aroused.  The 
relative  duration  of  the  respiratory  sounds  is — 

Inspiratory  sound  :  Expiratory  sound  :  :  3  :  1. 

Bronchial  Respiration. — Within  the  larger  air-passages — larynx,  trachea, 
bronchi— during  inspiration  and  expiration,  there  are  loud,  rough,  harsh  sounds 
like  a  sharp  li  or  ch — the  "  hroncMal " — the  laryngeal,  tracheal,  or  "  tubular  " 
sound,  or  breathing.  [In  normal  bronchial  breathing,  as  heard  over  the  trachea, 
there  is  a  pause  between  the  inspiratory  and  expiratory  sounds,  which  are  of  nearly 
equal  duration  and  of  about  the  same  intensity  throughout.  These  sounds  are 
also  heard  between  the  scapulae,  at  the  level  of  the  fourth  dorsal  vertebra  (bifur- 
cation of  trachea),  and  they  occur  also  during  expiration,  being  slightly  louder  on 
the  right  side,  owing  to  the  slightly  greater  calibre  of  the  right  bronchus.  At  all 
other  parts  of  the  chest,  the  vesicular  sound  obscures  the  tubular  or  bronchial 
sound.  If  the  air-vesicles  are  deprived  of  their  air,  the  tubular  breathing  becomes 
distinct.] 

Eronchial  respiration  is  produced  chiefly  in  the  larynx,  owing  to  the  formation 
of  air-eddies  in  consequence  of  the  narrowing  of  the  respiratory  part  of  the  glottis. 
This  "  laryngeal  stenosis  sound  "  excites  resonance  of  the  tracheo-bronchial  column 
of  air,  and  communicates  to  it  the  specific  character  of  bronchial  breathing  which 
is  heard  over  the  large  tubes  of  the  bronchial  system  (Deldo). 

[On  listening  with  a  stethoscope  over  the  trachea,  or  better  still,  over  the  cervical  vertebrae,  the 
sounds  heard  vary  according  as  the  mouth  is  open  or  closed.  With  the  mouth  open,  the  soft- 
blowing  respiratory  sounds  are  about  of  equal  duration,  are  separated  by  a  short  pause,  but  the 
expiratory  is  louder  than  the  inspiratory.  If  the  mouth  he  closed,  and  respiration  consequently 
carried  on  through  the  nose,  it  is  found  that  the  sounds  become  harsher  and  louder.  The 
character  of  the  sounds  also  vary  with  the  rapidity  of  breathing.] 

It  is  asserted  that,  wlien  lungs  containing  air  are  placed  over  the  trachea,  the  tubular  sound 
there  produced  becomes  vesicular.  In  this  case,  we  must  suppose  that  the  vesicular  sound  arises 
from  the  tubular  breathing  becoming  weakened,  and  acoustically  altered  by  being  conducted 
through  the  lung  alveoli.  A  sighing  sound  is  often  produced  at  the  apertures  of  the  nose  and 
mouth  during  forced  inspiration. 

117.  PATHOLOGICAL  RESPIRATORY  SOUNDS.— [The  breath-sounds  heard  in  disease  may 
be  merely  modifications  of  the  normal  vesicular  or  bronchial  sounds,  or  new  sounds,  such  as 
friction  sounds,  rales,  or  rhonchi.] 

[Puerile  Breathing  is  merely  an  exaggerated  vesicular  sound,  so  called  because  it  resembles 
the  louder  vesicular  sound  heard  in  children.  It  occurs  when  some  part  of  the  lung  is  unable 
to  act,  and  there  is,  as  it  were,  extra  work  of  the  other  parts  to  compensate,  and  thus  the 
sound  is  exaggerated.] 

(1)  Bronchial  or  Tubular  Breathing  occurs  over  the  entire  area  of  the  lung,  either  when  the 
air-vesicles  are  devoid  of  air,  which  may  be  caused  by  the  exudation  of  fluid  or  solid  constituents, 
or  when  the  lungs  are  compressed  from  without.  In  both  cases  vesicular  sounds  disappear,  and 
the  condensed  or  solidified  lung-tissue  condmts  the  tubular  sound  of  the  large  bronchi  to  the 
surface  of  the  chest.  [The  sound  heard  over  a  hepatised  lobe  of  the  lung  in  pneumonia  is  a 
typical  example.]  It  also  occurs  in  large  cavities,  with  resistant  walls  near  the  surface  of  the 
lung,  provided  these  cavities  communicate  with  a  large  bronchus.  [In  this  case  it  is  termed 
cavernous  breathing.] 

(2)  The  amphoric  sound  is  compared  to  that  produced  by  blowing  over  the  mouth  of  an 
empty  bottle.  [It  occurs  either  when  a  cavity — at  least  the  size  of  the  fist — exists  in  the  lung, 
which  is  so  blown  into  during  respiration  that  a  peculiar  amphoric-like  sound,  with  a  metallic 
timbre,  called  metallic  tinkling,  is  produced  ;  or  when  the  lung  still  contains  air,  and  is  cap- 
able of  expansion  ;  as  there  is  still  air  in  the  pleural  cavity,  it  acts  as  a  resonator,  and  causes  an 
amphoric  sound,  simultaneous  with  the  change  of  air  in  the  lungs.  [The  amphoric  sound  or 
echo  and  metallic  tinkling  are  the  only  certain  signs  of  the  existence  of  a  cavity  in  the  lung.] 

(3)  If  obstruction  occurs  in  the  course  of  the  air-passages  of  the  lungs,  various  results  may 
accrue,  according  to  the  nature  of  the  resistance: — {a)  owing  to  various  causes,  e.g.,  in  the 


208 


PATHOLOGICAL  RESPIRATORY  SOUNDS. 


[Sec.  117. 


apices  of  the  lungs,  there  may  be  partial  swelling  of  the  walls  of  the  air-tnbes,  or  infiltration 
into  the  air-cells  which  hinders  the  regular  supply  of  air.  In  these  cases,  parts  ot  the  lung 
are  not  supplied  with  air  continuously  ;  it  only  reaches  them  periodically,  when  a  cogwheel 
sound  occurs.  A  similar  sound  may  be  heard  occasionally  in  a  normal  lung,  when  the 
muscles  of  the  chest  contract  in  a  periodic  spasmodic  manner,  (b)  When  the  an-  entering  large 
bronchi  causes  the  formation  of  bubbles  in  the  mucus  which  may  have  accumulated  there 
"  mucous  rales  "  are  produced.  They  also  occur  in  small  spaces  when  the  walls  are  separated 
from  their  fluid  contents  by  the  air  entering  during  inspiration,  or  when  the  walls,  being  adherent 
to  each  other,  are  suddenly  pulled  asunder.  The  rales  are  distinguished  as  moist  (when  the 
contents  are  fluid),  or  as  dry  (when  the  contents  are  sticky)  ;  they  may  be  inspiratory,  expiratory, 
or  continuous,  or  they  may  be  coarse  or  fine  ;  further,  there  is  the  very  fine  crepitation,  or 
crackling  sound,  and,  lastly,  the  metallic  tinkling  caused  in  large  cavities  through  resonance. 
[Crepitation  or  vesicular  räles  are  fine  crepitating  sounds  like  those  produced  by  rubbing  a  lock 
of  hair  between  the  fingers  near  one's  ear,  or  the  sounds  produced  when  salt  is  thrown  on  a  tire  ; 
they  occur  only  during  inspiration,  and  are  a  proof  that  some  air  is  entering  the  air-vesicles. 
It  is  heard  in  its  typical  form  during  the  first  stage  of  pneumonia,  and  seems  to  be  produced  by 
the  bursting  of  minute  bubbles  of  air  in  a  fluid.  ]  (c)  When  the  mucous  membrane  of  the  bronchi 
is  crreatly  swollen,  or  is  so  covered  with  viscid  mucus  that  the  air  must  force  its  way  through, 
deep  sonorous  rhonchi  (rhonchi  sonori)  may  occur  in  the  large  air-passages,  and  clear  shrill 
sibilant  sounds  (rhonchi  sibilantes)  in  the  smaller  ones.  [Rhonchi  are  whistling  sonorous  sounds 
with  a  squeaking  character,  and  are  usually  due  to  catarrh  or  to  atiections  of  the  bronchial 
mucous  membrane  or  bronchitis.  When  they  are  of  low  pitch,  and  produced  m  the  large 
bronchial  tubes,  they  are  spoken  of  as  sonorous  rhonchi,  but  when  they  are  of  high  pitch,  and 
reproduced  in  the  small  bronchial  tubes,  they  are  sibilant  rhonchi.]  When  there  is  extensive 
bronchial  catarrh,  not  unfrequently  we  feel  the  chest-wall  vibrating  with  the  rale  sounds 
(bronchial  fremitus).  ^  .  ,    ,    n        •      n  i 

(4)  If  fluid  and  air  occur  together  in  one  pleural  cavity  m  which  the  lung  is  collapsed,  on 
shakincr  the  person's  thorax  vigorously  we  hear  a  sound  such  as  is  produced  when  ^ni'  and 
water  are  shaken  together  in  a  bottle.  This  is  the  succussion  sound  of  Hippocrates.  Much 
more  rarely  this  sound  is  heard  under  similar  conditions  in  large  pulmonary  cavities. 

(5)  Pleural  Friction.— When  the  two  opposed  surfaces  of  the  pleura  are  inflamed,  have 
become  soft,  and  are  covered  with  exudation,  they  move  over  each  other  during  respiration,  and 
in  doing  so  <rive  rise  to  friction  sounds,  which  can  be  felt  (often  by  the  patient  himself),  and 
can  also  be  heard.    The  sound  is  comparable  to  the  sound  produced  by  bending  new  leather. 

(6)  Pectoral  Fremitus.— When  we  speak  or  sing  in  aloud  tone,  the  walls  of  the  chest  vibrate, 
because  the  vibration  of  the  vocal  cords  is  propagated  throughout  the  entire  bronchial  ramifica- 
tions. The  vibration  is,  of  course,  greatest  near  the  trachea  and  large  bronchi.  The  ear  cannot 
detect  the  sounds  distinctly.  If  there  be  much  exudation  or  air  in  the  pleura,  or  great  accumula- 
tion of  mucus  in  the  bronchi,  the  pectoral  fremitus  is  diminished  or  altogether  absent.  [In 
health,  when  a  person  speaks,  the  vocal  resonance  over  the  trachea,  although  loud,  may  be 
inarticulate  ;  and  on  listening  over  the  sternum  the  sound  is  diminished  and  quite  inarticulate  ; 
while  over  the  chest-wall  generally  the  sound,  though  distinct,  is  feeble. 

All  conditions  which  cause  bronchial  breathing  increase  the  pectoral  fremitus  Uiider 
normal  circumstances,  therefore,  it  is  louder  where  bronchial  breathing  is  heard  normally,  ihe 
ear  hears  an  intensified  sound,  called  bronchophony,  [which  is  a  sound  like  that  heard  normally 
over  the  trachea  or  bronchi,  but  audible  over  the  vesicular  lung-tissue.  Ihe  conditions  that 
cause  it  are  the  same  as  those  on  which  bronchial  breathing  depends,  so  that  it  is  heard 
in  pneumonia  and  phthisis.  If,  through  efl-usion  into  the  pleura  or  inflammatory  processes  m 
the  lung-tissue,  the  bronchi  are  pressed  flat,  a  peculiar  bleating  sound  (aegophony)  may  be 
heard.] 

118.  PRESSURE  IN  THE  AIR-PASSAGES  DURING  RESPIRATION.— 

Respiratory  Pressure.— If  a  manometer  be  tied  into  the  trachea  of  an  animal, 
so  that  the  respiration  goes  on  completely  undisturbed,  i.e.,  normal  respiration, 
during  every  inspiration  there  is  a  negative  pressure  (-3  mm.  Hg)  and  during 
expiration  a  positive  pressure.  Bonders  placed  the  U-shaped  manometer  tube  in 
one  nostril,  closed  his  mouth,  leaving  the  other  nostril  open,  and  respired  quietly. 
During  every  quiet  inspiration  the  mercury  showed  a  negative  pressure  of  -1  mm., 
and  during  expiration  a  positive  pressure  of  2-3  mm.  (Hg). 

Forced  Respiration.— As  soon  as  the  air  was  inspired  or  expired  with  greater 
force,  the  variations  in  pressure  became  very  much  greater,  e.g.,  during  speaking, 
singing,  and  coughing,  i  The  inspiratory  pressure  was  =  57  mm.  (36-74),  the 
greatest  expiratory  pressure  +  87  (82-100)  mm.  Hg.  The  pressure  of  forced  expira- 
tion, therefore,  is  30  mm.  greater  than  the  inspiratory  pressure  {Bonders). 
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Resistance  to  Inspiration.  — JN'otwithstanding  this,  we  must  not  conclude  that 
the  expiratory  muscles  act  more  powerfully  than  the  inspiratory  ;  for  during  inspira- 
tion a  variety  of  resistances  have  to  be  overcome,  so  that  after  these  have  been  met, 
there  is  only  a  residue  of  the  force  for  the  aspiration  of  the  mercury.  The  resist- 
ances to  be  overcome  by  the  inspiratory  muscles  are  : — (1)  The  elastic  tension  of  the 
lungs,  which  during  the  deepest  expirations  =  6  mm.  ;  during  the  deepest  inspira- 
tions =  30  mm.  Hg  (§  107).  (2)  The  raising  of  the  weight  of  the  chest.  (3)  The 
elastic  torsion  of  the  costal  cartilages.  (4)  The  depression  of  the  abdominal  contents, 
and  the  elastic  distention  of  the  abdominal  walls.  All  these  not  inconsiderable 
resistances,  which  the  inspiratory  muscles  have  to  overcome,  act  during  expiration, 
and  aid  the  expiratory  muscles.  The  forces  concerned  in  inspiration  are  decidedly 
much  greater  than  those  of  expiration. 

Intra-thoracic  Pressure. — As  the  lungs  within  the  chest,  in  virtue  of  their  elas- 
ticity, continually  strive  to  collapse,  necessarily  they  must  cause  a  negative  pressure 
within  the  chest.  This  amounts  in  dogs,  during  inspiration,  to  -  T'l  to  -  7-5  mm. 
Hg,  and  during  expiration  to  -  4  mm.  Hg.  The  corresponding  values  for  man 
have  been  estimated  at  -  4*5  mm.  Hg  and  -  3  mm.  Hg,  by  Hutchinson. 

[We  must  distinguish  between  the  respiratory  pressure  of  the  air  withiJi  the  respiratorij passages, 
and  the  intra-thoracic  pressure.  The  former  is  the  same  as  the  atmospheric  pressure  when  the 
chest  is  passive,  but  less  than  it  as  the  chest  is  being  enlarged,  and  greater  than  it  when  it  is 
being  diminished  in  size.  The  intra-thoracic  pressure  is  the  pressure  within  the  cliest,  but 
outside  the  lungs,  i.e.,  in  the  pleura,  mediastinum,  &c.  It  is  negative,  i.e.,  less  than  the 
atmospheric  pressure,  and  must  vary  with  the  degree  of  distention  of  the  lungs.] 

[Methods  of  Estimating  Intra-Thoracic  Pressure. —A  direct  estimation  was  made  by 
Adanikiewicz  and  Jacobson.  A  trocar  with  its  stylette  was  forced  into  the  fourth  left  inter- 
costal space  near  the  sternum  and  pushed  into  the  pericardium  (sheep).  The  stylette  was  then 
withdrawn,  and  the  trocar  connected  with  a  manometer,  and  the  negative  pressure  of  -  3  to 
-  5  mm.  Hg  was  obtained.  During  severe  dyspnoea  it  was  -  9  mm.  Hg.  Rosenthal  intro- 
duced an  oesophageal  sound  with  an  elastic  ampulla  on  its  lower  end  into  the  oesophagus, 
so  that  the  ampulla  came  to  He  opposite  the  posterior  mediastinum.  The  sound  was  connected 
with  a  registering  tambour  or  manometer.  During  inspiration  the  manometer  fell,  and  during 
inspiration  it  rose.] 

Even  the  greatest  inspiratory  or  expiratory  pressure  is  always  much  less  than  the  blood- 
pressure  in  the  large  arteries  ;  but  if  the  pressure  be  calculated  upon  the  entire  respiratory 
surface  of  the  thorax,  very  considerable  results  are  obtained. 

Pneumatometer.— This  instrument  of  Waldenburg  is  merely  a  mercurial  manometer  fixed 
to  a  stand,  and  connected  to  an  elastic  tube  with  a  suitable  mouthpiece,  which  is  fitted  over 
the  mouth  and  nose,  while  the  variations  of  the  Hg  can  be  read  off  on  a  scale.  [In  the  male, 
the  expiratory  pressure  is  90-120  mm.  Hg,  and  the  inspiratory  70-100.  The  relation  of  the 
pressures  during  expiration  and  inspiration  is  more  important  than  the  absolute  pressure.] 
The  inspiratory  pressure  is  diminished  in  nearly  all  diseases  where  the  expansion  of  the  lung  is 
impaired  [phthisis] ;  or  the  expiratory  pressure  is  diminished,  as  in  emphysema  and  asthma. 

[The  Lungs  before  birth  are  in  an  atelectatic  condition,  i.e.,  they  contain  no 
air.  The  alveoli  are  lined  by  cubical,  nucleated  granular  cells,  and  their  surfaces 
are  in  apposition,  so  that  there  are  no  alveolar  cavities  ;  similarly  the  walls  of 
the  bronchioles  are  in  contact,  while  the  cavity  which  exists  in  the  larger 
bronchi  and  trachea  contains  fluid.  At  the  first  breath  the  air  sucked  in  has  to 
overcome  the  adhesion  of  the  surfaces  of  the  bronchi  and  alveolar  epithelium,  and 
as  inspiration  follows  inspiration,  gradually  the  respiratory  passages  are  opened 
up.  It  takes  some  time  to  establish  a  fully  distended  condition  of  the  lung.  In 
a  newly-born  animal  there  is  no  negative  pressure  in  the  pleural  cavity,  for  the 
lungs  have  not  yet  been  distended,  nor  do  the  lungs  collapse  when  the  chest  is 
opened.  It  is  only  when  the  elastic  tension  of  the  lungs  is  brought  into  play  by 
the  chest  being  distended,  that  the  negative  pressure  obtains  within  the  pleural 
cavity,  and  the  lungs  collapse  when  the  chest  is  opened.  The  distention  of  the 
lungs  takes  place  gradually,  and  seems  to  be  brought  about  by  the  chest  growing 
more  rapidly  than  the  lungs  within  it ;  so  that  even  in  the  phase  of  expiration  the 
lungs  are  kept  distended.] 
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Effects  of  the  first  Respiration  on  the  Thorax.— Until  birth  the  airless  lungs  are  coin pletely 
collapsed  (atelectatic)  within  the  chest,  and  fill  it,  so  that  on  opening  the_ chest  m  a  dead  tcetiis, 
pneumo-thorax  does  not  occur  {Bernstein).  Supposing,  however,  respiration  to  have  been  fully 
established  after  birth,  and  air  to  have  freely  entered  the  lungs,  if  a  manometer  be  placed  in 
connection  with  the  trachea,  and  the  chest  be  opened,  the  manometer  will  register  a  pressure  of 
6  mm  Eg  due  to  the  collapse  of  the  elastic  lungs.  Bernstein  supposes  that  the  thorax  assumes 
a  new  pernianent  form,  due  to  the  first  respiratory  distention  ;  it  is  as  if,  owing  to  the  respir- 


When  a  lung  has  once  been  filled  with  air,  it  cannor  Deenipueu  uy  pie&buic  iiuui  »mlüv^ciu, 
the  small  bronchi  are  compressed  before  the  air  can  pass  out  of  the  alveoli.  _  The  expiratory 
muscles  cannot  possibly  expel  all  the  air  from  the  lungs,  while  the  inspiratory  muscular 
force  is  sufiicient  to  distend  the  lungs  beyond  their  elastic  equilibrium.  Inspiration  distends 
the  lungs,  increasing  their  elastic  tension,  Avhile  expiration  diminishes  the  tension  without 
abolishing  it. 

119.  APPENDIX  TO  RESPIRATION.— Nasal  Breathing.— During  quiet 
respiration  we  usually  breathe— or  ought  to  breathe— through  the  nostrils,  the 
mouth  being  closed.  The  current  of  air  passes  through  the  pharyngo-nasal  cavity 
—so  that,  in  its  course  during  inspiration,  it  is  (1)  warmed  and  rendered  moist,  and 
thus  irritation  of  the  mucous  membrane  of  the  air-passages  by  the  cold  air  is  pre- 
vented ;  (2)  small  particles  of  soot,  or  other  foreign  substances  in  the  air,  adhere 
to,  and  become  embedded  in  the  mucus  covering  the  somewhat  tortuous  walls  of 
the  respiratory  passages,  and  are  carried  outwards  by  the  agency  of  the  cihated 
epithehum  of  the  respiratory  passages;  (3)  disagreeable  odours  and  certain 
impurities  are  detected  by  the  sense  of  smell. 

If  a  lung  be  inflated,  air  constantly  passes  through  the  walls  of  the  alveoli  and  trachea.  This 
also  occurs  during  violent  expiratory  efi'orts  (cutaneous  emphysema  m  whooping-cough),  so  that 
r>\\%\x\\\o-t\\OYSixms.\  ocmv  {J.  B.  Eivald  and  Kohert). 

Pulmonary  (Edema,  or  the  exudation  of  lymph  into  the  pulmonary  alveoli,  occurs— (1) 
When  there  is  very  great  resistance  to  the  blood-stream  in  the  aorta  or  its  branches,  e.g.,  by 
ligaturing  all  the  arteries  going  to  the  head,  or  the  arch  of  the  aorta  so  that  only  one  carotid 
remains  pervious.  (2)  When  the  pulmonary  veins  are  occluded.  (3)  When  the  left  ventricle, 
owing  to  mechanical  injury,  ceases  to  beat,  while  the  right  ventricle  goes  on  contracting  (§47). 
Thesi  conditions  produce  at  the  same  time  ani^mia  of  the  vaso-motor  centre,  which  insults  m 
stimulation  of  that  centre,  and  consequent  contraction  of  all  the  small  arteries,  ihus  the 
blood-stream  through  the  veins  to  the  right  heart  is  favoured,  and  this  m  its  turn  favours  the 
production  of  oedema  of  the  lungs.  [The  injection  of  muscarin  rapidly  causes  pulmonary 
oedema,  due  to  the  increase  of  pressure  and  slowing  of  the  blood-stream  m  the  pulmonary 
capillaries.    It  is  set  aside  by  atropin  ( Weinzweig,  Grossmann).} 

120.  MODIFIED  RESPIRATORY  MOVEMENTS.— (1)  Coughing  consists 
in  a  sudden  violent  expiratory  explosion  after  a  previous  deep  inspiration  and 
closure  of  the  glottis,  whereby  the  glottis  is  forced  open,  and  any  substance,  fluid, 
o-aseous,  or  solid,  in  contact  with  the  respiratory  mucous  membrane  is  violently 
Ejected  through  the  open  mouth.  It  is  produced  voluntarily  or  reflexly ;  m  the 
latter  case,  it  can  be  controlled  by  the  will  only  to  a  limited  extent. 

[Causes.— A  cough  may  be  discharged  reflexly  from  a  large  number  of  surfaces  (fig-  165)  :- 
(1)  A  draught  of  cold  air  striking  the  skin,  especially  of  the  upper  part  of  the  body  This  may 
cause  congestion  of  blood  in  the  air-passages,  this  in  turn  exciting  the  cough.  (2)  More  fre- 
quentlvit  is  discharged  from  the  respiratory  mucous  membrane,  especially  of  the  larynx,  the 
sensory  branches  of  the  vagus  and  the  superior  laryngeal  nerve  being  the  afierent  nerves.  A 
cough  cannot  be  discharged  from  every  part  of  the  larynx  :  thus  there  is  none  from  the  true  vocal 
cords,  but  only  from  the  glottis  respiratoria.  All  other  parts  of  the  larynx  are  inactive,  and  so 
is  the  trachea  as  far  as  the  bifurcation,  where  stimulation  excites  a  cough  ( KoMs).  (3)  Sometimes 
an  offending  body,  such  as  a  pea  or  inspissated  cerumen  in  th«  external  auditory  meatus,  gives 
rise  to  coughing,  the  aff-erent  nerve  being  the  auricular  branch  of  the  vagus.  (4)  There  seems 
to  be  no  doubt  that  there  may  be  a  "  gastric  or  stomach  cough  '  produced  by  stimulation  of  the 
gastric  branches  of  the  vagus,  especially  in  cases  of  indigestion  accompanied  by  irritation  of  tlie 
larvnx  and  trachea.  (5)  Irritation  of  the  costal  pleura  and  even  of  the  oesophagus  {Kohis). 
(6)  Irritation  of  some  parts  of  the  nose.  (7)  Sometimes  also  from  irritation  of  the  pharynx,  as  by 
an  elongated  uvula.  (8)  In  some  diseases  of  the  liver,  spleen,  and  generative  organs,  when 
pressure  is  exerted  on  these  parts.] 
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(2)  Hawking,  or  clearing  the  throat. — An  expiratory  current  is  forced  in  a  continuous  stream 
through  the  narrow  space  between  the  root  of  the  tongue  and  the  dei^essed  soft  palate,  in  order 
to  assist  in  the  removal  of  foreign  bodies.  When  the  act  is  carried  out  periodically,  the  closed 
glottis  is  suddenly  forced  open,  and  it  is  comparable  to  a  voluntary  gentle  cough.  This  act  can 
only  be  produced  voluntarily. 

(3)  Sneezing  consists  in  a  sudden  violent  expiratory  blast  through  the  nose,  for  the  removal 
of  mucus  or  foreign  bodies  (the  mouth  being  rarely  open)  after  a  simple  or  repeated  spasm-like 
inspiration — the  glottis  remaining  open.  It  is  usually  caused  reflexly  by  stimulation  of  sensory 
nerve-fibres  of  the  nose  [nasal  branch  of  the  fifth  nerve], 
or  by  sudden  exposure  to  a  bright  light  [the  afl'erent 
nerve  is  the  opticj.  This  reflex  act  may  be  interfered 
with  to  a  certain  extent,  or  even  prevented,  by  stimu- 
lation of  sensory  nerves  ;  or  firmly  compressing  the 
nose  where  the  nasal  nerve  issues.  The  continued  use 
of  sternutatories,  as  in  persons  who  take  snuff",  dulls 
the  sensory  nerves,  so  that  they  no  longer  act  when 
stimulated  reflexly. 

[Sternutatories  or  Errhines,  such  as  powdered  ipe- 
cacuanha, snuff",  and  euphorbium,  also  increase  the 
secretion  from  the  nasal  glands.  The  afferent  impulses 
sent  to  the  respiratory  centre  also  aff"ect  the  vaso-motor 
centre,  so  that,  even  when  sneezing  does  not  occur,  the 
blood-pressure  throughout  the  body  is  raised.  ] 

(4)  Snoring  occurs  during  respiration  through  the 
open  mouth,  whereby  the  inspiratory  and  expiratory 
stream  of  air  throws  the  uvula  and  soft  palate  into 
vibration.  It  is  involuntary,  and  usually  occurs  during 
sleep,  but  it  may  be  produced  voluntarily. 

(5)  Gargling  consists  in  the  slow  passage  of  the 
expiratory  air-current  in  the  form  of  bubbles  through 
a  fluid  lying  between  the  tongue  and  the  soft  palate, 
when  the  head  is  held  backwards.  It  is  a  voluntary 
act. 

(6)  Crying,  caused  by  emotional  conditions,  consists 
in  short,  deep  inspirations,  long  expirations  with  the 
glottis  narrowed,  relaxed  facial  and  jaw  muscles,  secre- 
tion of  tears,  often  combined  with  plaintive  inarticu- 
late expressions.  When  crying  is  long  continued, 
sudden  and  spasmodic  involuntary  contractions  of  the 
diaphragm  occur,  which  cause  the  inspiratory  sounds 
in  the  pharynx  and  larynx  known  as  solDbing.  This  is 
an  involuntary  act. 

(7)  Sighing  is  a  prolonged  inspiration,  usually  com- 
bined with  a  plaintive  sound,  often  caused  involun- 
tarily, owing  to  painful  or  unpleasant  recollections. 

(8)  Laughing  is  due  to  short  rapid  expiratory 
blasts  through  the  rima  glottidis,  which  cause  a 
clear  tone,  and  there  are  characteristic  inarticulate  sounds  in  the  larynx,  with  vibrations 
of  the  soft  palate.  The  mouth  is  usually  open,  and  the  countenance  has  a  characteristic 
expression,  owing  to  the  action  of  the  M.  zygomaticus  major.  It  is  usually  involuntary,  and 
can  only  be  suppressed,  to  a  certain  degree,  by  the  will  (by  forcibly  closing  the  mouth  and 
stopping  respiration). 

(9)  Yawning  is  a  prolonged  deep  inspiration  occurring  after  successive  attempts  at  numerous 
inspirations — the  mouth,  fauces,  and  glottis  being  wide  open  ;  expiration  shorter — both  acts 
often  accompanied  by  prolonged  characteristic  sounds.  It  is  quite  involuntary,  and  is  usually 
excited  by  drowsiness  or  ennui. 

[(10)  Hiccough  is  due  to  a  spasmodic  involuntary  contraction  of  the  diaphragm,  causing  an 
inspiration,  which  is  arrested  by  the  sudden  closure  of  the  glottis,  so  that  a  characteristic  sound 
is  emitted.  Not  unfrequently  it  is  due  to  irritation  of  the  gastric  mucous  membrane,  and  some- 
times it  is  a  very  troublesome  symptom  in  ursemic  poisoning.] 


Fig  165. 

Scheme  of  the  afferent  nerves  through 
which  coughing  may  be  excited 
reflexly.  The  efferent  nerves  are 
dotted. 


121.  CHEMISTEY  OF  RESPIRATION— CARBON  DIOXIDE,  OXYGEN,  and  WATERY 
VAPOUR  GIVEN  OFF.— I.  Estimation  of  CO^.- 1.  The  volume  of  CO^  is  estimated  by  means 
of  the  anthracometer  (fig.  166,  II).  The  volume  of  gas  is  collected  in  a  graduated  tube,  r  r, 
provided  with  a  bulb  at  one  end  (previously  filled  with  water  and  carefully  calibrated,  i.e.,  the 
exact  amount  which  each  part  of  the  tube  contains  is  accurately  measured),  and  the  tube  is 
closed.    The  lower  end  has  a  stop-cock,  h,  and  to  this  is  screwed  a  flask,  n,  completely  filled 
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with  a  solution  of  caustic  potash  ;  the  stop-cock  is  then  opened,  the  potash  solution  is  allowed 
to  ascend  into  the  tube,  which  is  moved  about  until  all  the  CO.2  unites  with  the  potash  to  form 
potassium  carbonate.  Hold  the  tube  vertically  and  allow  the  potash  to  run  back  into  the  flask, 
close  the  stop-cock,  and  remove  the  bottle  with  the  potash.  Place  the  stop-cock  under  water, 
open  it,  and  allow  the  water  to  ascend  in  the  tube,  when  the  space  in  the  tube  occupied  by  the 
fluid  indicates  the  volume  of  CO.^  Avhich  is  combined  with  the  potash. 

2.  By  Weight. — A  large  quantity  of  the  mixture  of  gases  which  has  to  be  investigated  is 
made  to  pass  through  a  Liebig's  bulb  filled  with  caustic  potash.  The  potash  apparatus  having 
been  carefully  weighed  beforehand,  the  increase  of  weight  indicates  the  amount  of  COg  which 
has  been  taken  up  by  the  potash  from  the  air  passed  through  it. 

3.  By  Titration.  — A  large  volume  of  the  air  to  be  investigated  is  conducted  through  a  known 
volume  of  a  solution  of  barium  hydrate.  The  CO2  unites  with  the  barium  and  forms  barium 
carbonate.  The  fluid  is  neutralised  with  a  standard  solution  of  oxalic  acid,  and  the  more 
barium  that  has  united  with  the  CO2  the  smaller  will  be  the  amount  of  oxalic  acid  used,  and 
Nice  versa. 

II.  Estimation  of  Oxygen. — According  to  volume — [a)  By  the  union  of  the  0  with  potassium 
pyrogallate.    The  same  procedure  is  adopted  as  for  the  estimation  of  CO,,  only  the  flask,  ?i, 

is  filled  with  the  pyro- 
gallate solution  in- 
stead of  potash.  (&) 
By  explosion  in  an 
eudiometer  {Blood 
gases,  §  35). 

III.  Estimation  ol 
Watery  Vapour.— The 
air  to  be  investigated 
is  passed  through  a 
bulb  containing  C07i- 
centrated  sulphuric 
acid,  or  through  a  tube 
filled  with  pieces  of 
calcium  chloride.  The 
amount  of  water  is 
directly  indicated  by 
the  increase  of  weight. 

122.  METHODS  OF 
INVESTIGATION.  — 
Collecting  the  Ex- 
pired Air.— (1)  The 

air  expired  may  be 
collected  in  the  cylin- 
der of  the  spirometer, 
which  is  suspended  in 
concentrated  salt  solu- 
tion to  avoid  the  ab- 
sorption of  CO,  (§  108). 

Andral  and  Gavar- 
ret's  Apparatus.  — 
The  operator  breathed 

several  times  into  a  capacious  cylinder  (fig.  166).  A  mouthpiece  (M)  was  placed  air-tight 
over  the  mouth  while  the  nostrils  were  closed.  The  direction  of  the  respiratory  current  was 
regulated  by  two  "  Midler's  Valves  "  (mercurial),  {a  and  h).  With  every  inspiration  the  bottle 
or  valve  a  (filled  below  with  Hg,  and  hermetically  closed  above)  permits  the  air  inspired  to  pass 
to  the  lungs— during  every  expiration  the  expired  air  can  pass  only  through  h  to  the  coUecting- 
cvlinder  C.  i  •  j.  i, 

"  (2)  If  the  gases  given  off  by  the  skin  are  to  be  collected,  a  limb,  or  whatever  part  is  to  be 
investigated,  is  secured  in  a  closed  vessel,  and  the  gases  so  obtained  are  analysed. 

II.  The  most  important  apparatus  for  this  purpose  are  those  of— (a)  Scharling,  which  consists 
of  a  closed  box,  A,  of  sufiicient  size  to  contain  a  man  (fig.  167).  It  is  provided  with  an 
inlet  z  and  outlet  h.  The  latter  is  connected  with  an  aspirator,  C,  a  large  barrel  filled  with 
water.  When  the  stop-cock,  h,  is  opened  and  the  water  flows  out  of  the  barrel,  fresh  air  will 
rush  in  continuously  into  the  box,  A,  and  the  air  mixed  with  the  expired  gases  will  be  drawn 
towards  C.  A  Liebig's  bulb,  d,  filled  with  caustic  potash,  is  connected  with  the  entrance  tube, 
z,  through  which  the  ingoing  air  must  pass,  whereby  it  is  completely  deprived  of  CO,,  so  that 
the  person  experimented  on  is  supplied  with  air  free  from  CO,.  The  air  passing  out  by  the 
exit  tube,  h,  has  to  pass  first  through  e,  where  it  gives  up  its  watery  vapour  to  sulphuric  acid, 


'   Fig.  166. 

I.  Apparatus  of  Andral  and  Gavarret  for  collecting  the  expired  air 


large  cylinder  to  collect  the  air  expired  ;  P,  weight  to  balance  cylin- 
der; a",  h,  two  Müller's  valves  ;  M,  mouthpiece.  II.  Anthracometer 
of  Vierordt. 
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whereby  the  amount  of  watery  vapour  is  estimated  by  the  increase  of  the  weight  of  the 
apparatus,  e.  Afterwards  the  air  passes  through  a  bulb,  /,  containing  caustic  potash,  which 
absorbs  all  the  COo,  while  the  tube,  g,  filled  with  sulphuric  acid,  absorbs  any  watery  vapour 


Fig.  167. 

Scharling's  apparatus,  d,  bulb  containing  caustic  potash  to  absorb  CO2  from  ingoing  air  ;  A, 
box  for  animal  experimented  on  ;  e  and  g,  tubes  containing  suli^huric  acid  to  absorb 
watery  vapour  ;  /,  potash  bulb  to  absorb  CO2  given  otf  ;  C,  vessel  filled  with  water  to 
aspirate  air  ;  h,  stop-cock. 

tliat  may  come  from  /.  The  increase  in  weight  of  /  and  g  indicates  the  amount  of  COg.  The 
total  volume  of  air  used  is  known  from  the  capacity  of  C.  "      r.^  i 

(&)  Regnault  and  Eeiset's  Apparatus  is  more  complicated,  and  is  used  when  it  is  necessary 
to  keep  animals  for  some  time  under  observation  in  a  bell-jar.  It  consists  of  a  globe,  R,  in 
which  is  placed  the  dog  to  be  experimented  on  (fig.  168).  Around  this  is  placed  a  cylinder, 
g,  g  (provided  with  a  thermometer,  t),  which  may  be  used  for  calorimetric  experiments.  A 


Fig.  168. 

Scheme  of  the  respiration  apparatus  of  Regnault  and  Reiset.  R,  globe  for  animal  ;  g,  g,  outer 
casing  for  R,  provided  with  a  thermometer,  t  ;  d  and  e,  exit  tubes  to  movable  potash  bulbs 
KOH  and  Koh  ;  0,  ingoing  oxygen  ;  COg,  vessel  to  absorb  any  carbonic  acid  ;  CaClg, 
apparatus  for  estimating  the  amount  of  0  supplied  ;  /,  manometer. 

tube,  c,  leads  into  the  globe,  R  ;  through  this  tube  passes  a  known  quantity  of  pure  oxygen 
(fig.  168,  0).  To  absorb  any  trace  of  CO2,  a  vessel  containing  potash  (fig.  168,  CO^)  is  placed 
in  the  course  of  the  tube.  The  vessel  for  measuring  the  0  is  emptied  towards  R,  through  a 
solution  of  calcium  chloride  from  a  large  pan  (CaClo)  provided  with  large  flasks.    Two  tubes. 
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d  and  e,  lead  from  R,  and  are  united  by  caoutchouc  tubes  with  the  potash  bulbs  (KOH,  Ko/i), 
which  can  be  raised  or  depressed  alternately  by  means  of  the  beam,  W.  In  this  way  they 
aspirate  alternately  the  air  from  R,  and  the  caustic  potash  absorbs  the  COg.  The  increase  in 
weight  of  these  flasks  after  the  experiment  indicates  the  amount  of  COg  expired.  The  mano- 
meter, /,  shows  whether  there  is  a  difference  of  the  pressure  outside  and  inside  the  globe,  R. 

(c)  V.  Pettenkofer's  is  the  most  complete  apparatus  (fig.  169).  It  consists  of  a  chamber,  Z, 
with  metallic  walls,  and  provided  with  a  door  and  a  window.  At  a  is  an  opening  for  the 
admission  of  air,  while  a  large  double  suction-pump,  PPi,  continually  renews  the  air  within  the 
chamber.  The  air  passes  into  a  vessel,  h,  filled  with  pumice-stone  saturated  with  sulphuric 
acid,  in  which  it  is  dried  ;  it  then  passes  through  a  large  gas-meter,  c,  which  measures  the 
total  amount  of  the  air  passing  through  it.  After  the  air  is  measured,  it  is  emptied  outwards 
by  means  of  the  pump,  PPi.  From  the  chief  exit  tube,  x,  of  the  chamber  provided  with  a 
small  manometer,  q,  a  narrow  laterally  placed  tube,  n,  passes  and  conducts  a  small  secondary 


Fig.  169. 

Respiration  apparatus  of  v.  Pettenkofer.  Z,  chamber  for  person  experimented  on  ;  x,  exit 
tube  with  manometer,  q;  b,  vessel  with  sulphuric  acid;  C,  gas-meter;  PPj,  pump; 
?l,  secondary  current,  with,  Jc,  bulb;  MMj,  suction  apparatus  ;  w,  gas-meter ;  N,  stream 
for  investigating  air  before  it  enters  Z. 

streaiiiL  which  is  chemically  investigated.  This  current  passes  through  the  suction-apparatus 
MM.  (Constructed  on  the  principle  of  Müller's  mercurial  valve,  and  driven  by  a  steam-engine). 
Before  reaching  this  apparatus,  the  air  passes  through  the  bulb,  K,  filled  with  siilphunc  acid, 
whose  increase  in  weight  indicates  the  amount  of  watery  vapour.  After  passing  through  MMi, 
it  goes  through  the  tube,  R,  filled  with  barijia  solution,  which  takes  up  CO.^.  The  quantity  ot 
air  which  passes  through  the  accessory  current,  n,  is  measured  by  the  small  gas-meter,  from 
which  it  passes  outwards.  The  second  accessory  stream,  N,  enables  us  to  investigate  the  air 
before  it  enters  the  chamber,  and  it  is  arranged  in  exactly  the  same  way  as  n  The  increase  ot 
CO2  and  H2O  in  the  accessory  stream,  n  {i.e.,  more  than  in  N),  indicates  the  amount  ol  LUg 
g^ven  off  by  the  person  in  the  chamber,  Z. 


123.  COMPOSITION 

Gas. 

"'0,  ,     .■: :  . 


OF  ATMOSPHERIC  AIR.— 1. 

By  Weight. 
23'015 


Air  contains : — 


Dry 

By  Volume, 
20-96 
79-02 
0-03-0-034 
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2  Aqueous  vapour  is  always  present  in  the  air,  but  it  varies  greatly  ni  amount, 
and  generally  increases  with  the  increase  of  the  temperature  of  the  air  _  We 
distinguish  (a)  the  absolute  moisture,  i.e.,  the  quantity  of  watery  vapour  which  a 
volume  of  air  contains  in  the  form  of  vapour;  and  (b)  the  relative  moist^ire  i.e 
the  amount  of  watery  vapour  which  a  volume  of  air  contains  with  respect  to  its 
temperature.      '  •  ,  '  ^ 

Experience  slio^vi  tliat  people  generally  can  breathe  most  6omibrtably  in  an  atmosphere  which 
is  not  completely  saturated  with  aqueous  vapour  according  to  ^^^'^i:^'^'^^''^^^^^^^ 
saturated  to  the  'extent  of  70  per  cent.    If  the  air  be  too  dry,  it  irritates  the  ^'^^P^/^^t^^^^^^^^^"^. 
membrane  ;  if  too  moist,  theJe  is  a  disagreeable  sensation  ;  and  if  it  be  too  warm,  a  feeling  of 
closeness.    Hence,  it  is  important  to  see  that  the  proper  amount  ot  watery 
vapour  is  present  in  the  air  of  our  sitting-rooms,  bedrooms,  and  hospital  wards  h 

The  absolute  amount  of  moisture  varies  :— In  towns  during  the  day  it 
increases  with  increase  of  temperature,  and  diminishes  when  the  tempera- 
ture falls  ;  it  also  varies  with  the  direction  of  the  wmd,  season  oi  the  year, 
and  the  height  above  sea-level. 

The  relative  amount  of  moisture  is  greatest  at  sunrise,  least  at  midday  ; 
small  on  high  mountains;  greater  in  winter  than  in  summer;  larger  with 
a  south  or  a  west  wind  than  with  a  north  or  an  east  wind. 

The  air  in  midsummer  contains  absolutely  three  times  as  much  watery 
vapour  as  in  mid-winter,  nevertheless  tlie  air  in  summer  is  relatively  drier 
than  the  air  in  winter. 

3.  The  air  expands  by  heat.     Kudberg  found  that  1000 
volumes  of  air,  at  0°,  expanded  to  1365  when  heated  to  100°  C. 

4.  The  density  of  the  air  diminishes  with  increase  of  the 
height  above  the  sea-level. 

124.  COMPOSITION  OF  EXPIRED  AIR.— 1.  The  expired 
air  contains  more  COg — in  normal  respiration  =  4-38  vols,  per 
cent.  (3-3  to  5-5  per  cent.),  so  that  it  contains  nearly  100  times 
more  CO2  than  the  atmospheric  air. 

2.  It  contains  less  0  (4-782  vols,  per  cent,  less)  than  the  atmo- 
spheric air,  i.e.,  it  contains  only  16-033  vols,  per  cent,  of  0. 
^  3.  Respiratory  Quotient. — Hence,  during  respiration,  more  0 
is  taken  into  the  body  from  the  air  than  COg  is  given  off;  so  that 
the  volume  of  the  expired  air  is  to  -^V)  smaller  than  the  volume 
of  the  air  inspired,  both  being  calculated  as  dry,  at  the  same 
temperature,  and  at  the  same  barometric  pressure.  The  relation 
of  the  Ö  absorbed  to  the  CO2  given  off  is  4-38  :  4-782.  This  is 
expressed  by  the  "  respiratory  quotient " — 

CO2/    4-38  \ 
0  \"'4-782/ 

H 

4.  An  excessively  small  quantity  of  N  is  added  to  the  expired  p. 
air  {Regnault  and  Reiset).    Segen  found  that  all  the  X  taken  in 

with  tiie  food  did  not  reappear  in  the  excreta  (urine  and  fseces),  and  he  assumed 
that  a  small  part  of  it  was  given  off  by  the  lungs. 

5.  During  ordinary  respiration  the  expired  air  is  saturated  with  "watery 
vapour.  It  is  evident,  therefore,  that  when  the  watery  vapour  in  the  air  varies, 
the  lungs  give  off  different  quantities  of  water  from  the  body.    The  percentage  of 

•  watery  vapour  falls  during  rapid  respiration  {Moleschott). 

6.  The  expired  air  is  warmer  (36° -3  C).  It  is  very  near  the  temperature  of 
the  body,  and  although  the  temperature  of  the  surrounding  atmosphere  be  very 
variable,  the  temperature  of  the  expired  air  still  remains  nearly  the  same. 

Fig.  170  shows  the  instrument  used  by  Valentin  and  Brunner  to  determine  the  temperature 
of  the  expired  air.    It  consists  of  a  glass  tube.  A,  A,  with  a  mouthpiece,  B,  and  in  it  is  a  fine 
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thermometer,  C.  The  operator  breathes  through  the  nose  and  expires  slowly  through  the 
mouthpiece  into  the  tube. 

Temperature  of  the 
Expired  Air. 

 '  .        .        .        +29-8°  C. 

 +36-2-37°  C. 

 +38-5°  C. 


Temperature  of 
the  Air. 


-6-3°  C,  

+  17-19°  C,  

+  44°  C,  

7.  The  diminution  of  the  volume  of  the  expired  air  mentioned  under  (3)  is  far 
more  than  compensated  by  the  warming  which  the  inspired  air  undergoes  in  the 
respiratory  passages,  so  that  the  volume  of  the  expired  air  is  one-ninth  greater 
than  the  air  inspired. 

8.  A  very  small  quantity  of  ammonia  is  found  in  the  expired  air  =0*0204 
grams  in  24  hours  ;  it  is  probably  derived  from  the  blood. 

9.  Small  quantities  of  H  and  CH^  are  expired,  both  being  absorbed  from  the  in- 
testine.   In  herbivora,  Keiset  found  that  30  litres  of  CH^  were  expired  in  24  hours. 

[The  toxicity  of  the  exhalations  from  the  lungs  of  animals  described  by  Brown-Sequard  has 
not  been  confirmed  by  other  observers,] 

125.  DAILY  aUANTITY  OF  GASES  EXCHANGED.— As  under  normal 
circumstances  more  0  is  absorbed  than  there  is  COo  given  off  (equal  volumes  of  0 
and  COg  contain  equal  quantities  of  0),  a  part  of  the  0  must  be  used  for  other 
oxidation-processes  in  the  body.  According  to  the  extent  of  these  latter  processes, 
the  ratio  of  the  0  taken  in  to  the  CO^  given  out — i.e.,  the  respiratory  quotient — 


0*916  normally  I  must  vary. 


The  amount  of  CO2  given  off  may  be  less  than  the  "mean  "  above  stated.  The 
quantity  of  COg  alone  is  not  a  reliable  indication  of  the  entire  exchange  of  gases 
during  respiration ;  we  must  estimate  simultaneously  the  amount  of  O  absorbed 
and  the  CO2  given  off. 


Income  in  24  hours. 

Oxygen— 

744  grms.  =516500  ccmtr. 

[Average,  700  grms,  ] 


Expenditure  in  24  hours. 
Carbonic  Acid — 

( Vierordt).         900  grms.  =  455500  c. cmtr.         ( Vierordt). 

36  grms.  per  hour  {Scharling). 

32 '8  to  33*4  grms.  ,,  {Liehermeister). 
34  grms.     .       .  .  {Panum). 

31  "5  to  33  grms,  ,  .  {RanTce). 

[Average,  850  gi-ms,  8  ozs,  of  carbon.] 
Water — 640  gi-ms.         , ,       ,      ( Valentin). 
(At  0°  C,  and  mean  barometric  pressure).  330  ,,       .  {Vierordt). 

[Comparative. — The  following  table  from  Münk  shows  how  the  0  inspired  and 
the  COg  expired  varies  in  different  animals  : — 


Species  of  Animals. 

Body-weight  in  Kilograms. 

0  Inspired  in  Grams. 

CO2  Expired  in  Grams. 

Ox,  . 

600- 

7950- 

10900- 

Horse, 

450- 

6100- 

9560- 

Man, 

75- 

750- 

900- 

Sheep, 

70- 

820- 

1140- 

Dog,  .... 

15- 

425- 

440- 

Cat,  .... 

2-5 

60- 

64- 

Rabbit,  . 

2- 

45- 

57- 

Fowl, 

1- 

31- 

39- 

Frog, 

0.03 

0-067 

0-05] 

[Nitrogen.  The  expired  air  contains  a  little  more  X  than  the  air  inspired,  but 
the  total  is  only  about  7  grams  daily,  although  herbivora  eliminate  more  than 
Carnivora.] 
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[Aqueous  Vapour  is  derived  partly  from  the  water  (vapour)  contained  in  the 
inspired  air,  and  partly  from  the  water  of  the  blood  circulating  m  the  walls  of  the 
respiratory  passages.] 

126  CONDITIONS  INFLUENCING  THE  GASEOUS  EXCHANGES. -The 
formation  of  CO.,  in  all  probability,  consists  of  two  distinct  processes.  First,  com- 
pounds containing  CO2,  which  are  oxidation  products  of  substances  containing 
carbon,  seem  to  be  formed  in  the  tissues.  The  second  process  consists  m  the  separa- 
tion of  this  CO2,  which,  however,  takes  place  without  the  absorption  ol  Ü.  J^otli 
processes  do  not  always  occur  simultaneously,  and  the  one  process  may  exceed  the 
other  in  extent.    The  formation  and  elimination  of  CO2  is  affected  by  :— 

1  Age.-Until  the  body  is  fully  developed,  the  CO2  given  off  increases  but  it 
diminishes  as  the  bodily  energies  decay.  Hence,  in  young  persons  the  0  absorbed 
is  relatively  greater  than  the  CO2  given  off;  at  other  periods  both  values  are 
pretty  constant.    Example  : — 


Age — Years. 

In  24  Hours. 

CO2  Gram.  Excreted.  =  Carbon. 

0  Absorbed  in  Grams.  ' 

8 
15 
16 
18-20 
20-24 
40-60 
60-80 

443  grams.  =121  Carbon. 

766            =  209 

950      „      =  259 
1003      „      =  274 
1074            =  293  „ 

889            =  242 

810             =  221 

375  grams. 

652 

809 

854 

914 

757 

689  „ 

The  absolute  amount  of  CO2  given  off  is  less  in  children  than  in  adults ;  but  if 
the  CO2  given  off  be  calculated  with  reference  to  body-weight,  then,  weight  for 
weight,  a  child  gives  off  twice  as  much  COg  as  an  adult. 

2.  Sex.— Males,  from  the  eighth  year  onward  to  old  age,  give  off  about  one-third 
more  COg  than  females.  This  difference  is  more  marked  at  puberty,  when  the 
difference  may  rise  to  one-half.    After  cessation  of  the  menses,  there  is  an  increase, 


and  in  old  age  the  amount  of  COr 


off  diminishes.    Pregnancy  increases  the 


amount,  owing  to  causes  which  are  easily  understood  (Andral  and  Gavarret). 

3.  Constitution. — In  general,  muscular  energetic  persons  use  more  0  and  excrete 
more  CO2  than  less  active  persons  of  the  same  weight. 

4.  Alternation  of  Day  and  Night.— The  CO^  given  off  is  diminished  about 
one-fourth  during  sleep,  due  to  the  constant  heat  of  the  surroundings  (bed),  darkness, 
absence  of  muscular  activity,  and  the  non-taking  of  food  (see  5,  6,  7,  9).  0  is  not 
stored  up  during  sleep  (S.  Leivin).  After  awaking  in  the  morning,  the  respirations 
arc  deeper  and  more  rapid,  while  the  amount  of  CO2  given  off  is  increased.  It 
decreases  during  the  forenoon,  until  dinner  at  mid-day  causes  another  increase. 
It  falls  during  the  afternoon,  and  increases  again  after  supper. 

During  hybernation,  when  no  food  is  taken,  and  when  the  respirations  cease,  or  are  greatly 
diminished,  the  respiratory  exchange  of  gases  is  carried  out  by  diffusion  and  the  cardio-pneumatic 
movements  (§  59).  The  CO2  given  off  falls  to  j\,  the  0  taken  in  to  of  what  they  are  m  the 
waking  condition.  Much  less  CO2  is  given  off  than  0  taken  in,  so  that  the  body-weight  may 
increase  through  the  excess  of  0. 

5.  Temperature  of  the  Surroundings.— Cold-blooded  animals  become  warmer 
when  the  temperature  of  their  environment  is  raised,  and  they  give  off  more  CO2 
in  this  condition  than  when  they  are  cooler ;  e.g.,  a  frog  with  the  temperature  of 
the  surroundings  at  39°  C.  excreted  three  times  as  much  CO2  as  when  the  tempera- 
ture was  6°  C.    Warm-blooded  animals  behave  quite  differently  when  the  tempera- 
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ture  of  the  surrounding  medium  is  changed.  When  the  temperature  of  the  animal 
is  lowered  thereby,  there  is  a  considerable  decrease  in  the  amount  of  CO2  given  off, 
as  in  cold-blooded  animals,  but  if  the  temperature  of  the  animal  be  increased  (and 
also  in  fever),  the  CO^  is  increased  {C.  Ludwig  and  Sanders-Ezn).  Exactly  the 
reverse  obtains  when  the  temperature  of  the  surroundings  varies,  and  the  bodily 
temperature  remains  constant.  As  the  cold  of  the  surrounding  medium  increases, 
the  processes  of  oxidation  within  the  body  are  increased  through  some  as  yet  un- 
known reflex  mechanism  ;  the  number  and  depth  of  the  respirations  increase, 
whereby  more  0  is  taken  in  and  more  COg  is  given  out.  A  man  in  January  uses 
32-2  grams  0  per  hour ;  in  July  only  31-7  grams.  In  animals,  with  the  tempera- 
ture of  the  surroundings  at  8°  C,  the  CO^  given  ofif  was  one-third  greater  than  with 
a  temperature  of  38°  C.  When  the  temperature  of  the  air  increases---the  body 
temperature  remaining  the  same— the  respiratory  activity  and  the  COg  given  ofi" 
diminish,  while  the  pulse  remains  nearly  constant.  On  passing  suddenly  from  a 
cold  to  a  warm  medium,  the  amount  of  CO2  is  considerably  diminished  ;  and  con- 
versely, on  passing  from  a  warm  to  a  cold  medium,  the  amount  is  considerably  in- 
creased (§214). 

6.  Muscular  Exercise  causes  a  considerable  increase  in  the  CO2  given  out,  which 
may  be  three  times  greater  during  walking  than  during  rest  {Ed.  Smith).  Ludwig 
and  Sczelkow  estimated  the  0  taken  in  and  the  CO2  given  off  by  a  rabbit  during 
rest,  and  Avhen  the  muscles  of  the  hind  limbs  were  tetanised.  During  tetanus  the 
0  and  CO2  were  increased  considerably,  but  in  tetanised  animals  more  0  was  given 
off  in  the  CO2  expired  than  was  taken  up  simultaneously  during  respiration.  The 
passive  animal  absorbed  nearly  twice  as  much  0  as  the  amount  of  COg  given  off 
(§  294). 

7.  Taking  of  food  causes  a  not  inconsiderable  increase  ni  the  COg  given  off, 
which  depends  upon  the  quantity  taken  ;  the  increase  generally  occurs  about  an 
hour  after  the  chief  meal — dinner.  The  increased  consumption  of  0  following  the 
taking  of  food  into  the  stomach  depends  on  the  increased  work  of  the  intestinal 
tract  {Zuntz  and  V.  Mering).  During  inanition,  the  exchange  of  gases  diminishes 
considerably  until  death  occurs.  At  first  the  COg  given  off  diminishes  more  quickly 
than  the  0  is  taken  up.  The  quality  of  the  food  influences  the  COg  given  off  to 
this  extent,  that  substances  rich  in  carbon  (carbohydrates  and  fats)  cause  a  greater 
excretion  of  COg  than  substances  which  contain  less  C  (albumins).  Regnault  and 
Reiset  found  that  a  dog  gave  off  79  per  cent,  of  the  0  inspired  after  a  flesh  diet, 
a,nd  91  per  cent,  after  a  diet  of  starch.  If  easily  oxidisable  substances  (glycerin  or 
lactate  of  soda)  are  injected  into  the  blood,  the  0  taken  in,  and  the  CO2  given  off, 
undergo  a  considerable  increase  {Ludwig  and  Scheremetjeivskg).  Alcohols,  tea,  and 
ethereal  oils  diminish  the  COg  {Prout,  Vierordt).  [Ed.  Smith  divided  foods,  with 
reference  to  the  excretion  of  CO2  into  two  classes.  The  respiratory  excitants 
include  nitrogenous  foods,  rum,  beer,  sugar,  stout,  &c.;  the  non-exciters  starch, 
fat,  some  alcohoHc  mixtures.  The  most  powerful  respiratory  excitants,  however, 
are  tea,  sugar,  coffee,  and  rum,  and  the  maximum  effect  is  usually  experienced 
within  an  hour.  He  also  found  that  the  effects  produced  by  alcohoHc  drinks  varied 
with  the  nature  of  the  spirituous  liquor.  Thus  brandy,  whisky,  and  gin  diminish 
the  amount ;  while  pure  alcohol,  rum,  ale,  and  porter  tend  to  increase  it.] 

A  healthy  adult,  weighing  50  kilos.,  respires  while  fasting  8  litres  of  air  per  kilo,  per  hour  ; 
he  vises  0-4  gram  0.  and  forms  O'S  gi'am  COg.  Taking  of  food  increases  these  numbers  to  9 
litres,  0-5  gram  0,  and  O'B  gram  CO,.  The  consumption  of  0  is  increased  about  12  per  cent, 
and  the  excretion  of  COg  about  27  per  cent,  after  a  diet  of  carbohydrates  ;  it  is  less  with  a 
fatty  diet,  and  least  after  one  of  proteids. 

8.  The  number  and  depth  of  the  respirations  have  practically  no  influence 
on  the  formation  of  CO2  or  the  oxidation-processes  within  the  body,  these  being 
regulated  by  the  tissues  themselves,  by  some  mechanism  as  yet  unknown  {Pflüger). 
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They  have  a  marked  eflfect,  however,  upon  the  elimination  of  the  ah-eady  formed 
CO  from  the  body.  An  increase  in  the  number  of  respirations  (their  depth 
remaining  the  same),  as  well  as  an  increase  of  their  depth  (the  number  remaining 
the  same),  causes  an  absolute  increase  in  the  amount  of  CO.2  given  off,  which,  with 
reference  to  the  total  amount  of  gases  exchanged,  is  relatively  diminished.  The 
following  example  from  Vierordt  illustrates  this  : — 


iSTo.  of  Resps. 
per  Minute. 

Volume  of 
Air. 

Amount  of    per  cent. 
CO.2.      ~  CO2. 

Depth  of 
Resps. 

Amount  of 
CO2 .  ~ 

per  cent. 
CO2. 

12 

6000 

258c.  cmtr.  =4-3  % 

500 

21  c.cmtr. 

=  4-3  % 

24 

12000 

420      „  =3-5,, 

1000 

36 

=  3-6  „ 

48 

24000 

744      „  =3-1 

1500 

51  „ 

=  3-4  „ 

96 

48000 

1392      „  =2-9,, 

2000 

64  „ 

=  3-2,, 

3000 

72  „ 

=  1-4  „ 

9.  Exposure  to  a  bright  light  causes  an  increase  in  the  COg  given  off  in  frogs, 
in  mammals  and  birds,  even  in  frogs  deprived  of  their  lungs,  or  in  those  whose 
spinal  cord  has  been  divided  high  up.  The  consumption  of  0  is  increased  at  the 
same  time.  The  same  results  occur  in  blind  persons,  although  to  a  less  degree. 
Kodents  and  birds  show  the  maximum  in  red  light,  and  turtles  in  violet  light. 
According  to  Loch,  the  pupee  of  butterflies  exposed  to  light  do  not  produce  more 
CO2  than  those  kept  in  darkness,  so  that  he  attributes  the  greater  amount  of  CO2 
excreted  to  great  muscular  exertion  produced  by  the  light. 

10.  The  experiments  of  Grehaiit,  on  dogs,  seem  to  show  that  intense  inflammation  of  the 
hronchial  mucous  membrane  influences  the  COg  given  off'. 

11.  Amongst  poisons,  thebaia  increases  the  CO2  given  off,  while  morphia,  codeia,  narceni, 
narcotin,  papaverin,  diminish  it  [Fühini). 

127.  DIFFUSION  OF  GASES  WITHIN  THE  LUNGS.— The  air  within  the  air- 
vesicles  contains  most  COg  and  least  0,  and  as  we  pass  from  the  small  to  the  large 
bronchi  and  onwards  to  the  trachea,  the  composition  of  the  air  gradually  approaches 
more  closely  to  that  of  the  atmosphere.  Hence,  if  the  air  expired  be  collected  in 
two  portions,  the  first  half  {i.e.,  the  air  from  the  larger  air-passages)  contains  less 
CO2  (3-7  vols,  per  cent.)  than  the  second  half  (5-4  vols,  per  cent.).  The  difference 
in  the  percentage  of  gases  gives  rise  to  a  diffusion  of  the  gases  within  the  air- 
passages ;  the  CO2  must  diffuse  from  the  air-vesicles  outwards,  and  the  0  from  the 
atmosphere  and  nostrils  inwards  (§33).  This  movement  is  aided  by  the  cardio- 
pjieumatic  movement  (§  59).  In  hybernating  animals  and  in  persons  apparently 
but  not  actually  dead,  the  exchange  of  gases  within  the  lungs  can  only  occur  in  the 
above-mentioned  ways.  For  ordinary  purposes  this  mechanism  is  insufficient,  and 
there  are  added  the  respiratory  movements  whereby  atmospheric  air  is  introduced 
into  the  larger  air-passages,  from  which  and  into  which  the  diffusion  currents  of  0 
and  CO2  pass,  on  account  of  the  difference  of  tension  of  the  gases. 

128l  EXCHANGE  OF  GASES  IN  THE  AIR-VESICLES.— The  exchange 
of  gases  between  the  gases  of  the  blood  and  those  in  the  air-vesicles  occurs  almost 
exclusively  through  the  agency  of  chemical  processes,  and  therefore  independently 
of  the  diffusion  of  gases. 

MetKod.  —It  is  important  to  ascertain  the  tension  of  the  0  and  CO2  in  the  venous  blood  of 
the  pulmonary  capillaries.  Pflüger  and  Wolf  berg  estimated  the  tension  by  "  cathetensing  the 
lungs."  An  elastic  catheter  was  introduced  through  an  opening  in  the  trachea  of  a  dog  into 
the  bronchus  leading  to  the  lowest  lobe  of  the  left  lung.  An  elastic  sac  was  placed  round  the 
catheter,  and  when  the  latter  was  introduced  into  the  bronchus,  the  sac  around  the  catheter 
was  distended  so  as  to  plug  the  bronchus.  No  air  could  escape  between  the  catheter  and  the 
wall  of  the^  bronchus.    The  outer  end  of  the  catheter  was  closed  at  first,  and  the  dog  was 
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allowed  to  respire  quietly.  After  four  minutes  the  air  in  the  air-vesicles  was  completely  in 
equilibrium  with  the  blood-gases.  The  air  of  the  lung  was  sucked  out  of  the  catheter  by  means 
of  an  air-pump,  and  afterwards  analysed. 

Thus  we  may  measure  indirectly  the  tension  of  the  0  and  COg  in  the  venous 
blood  of  the  pulmonary  capillaries.  The  direct  estimation  of  the  gases  in  different 
kinds  of  blood  is  made  by  shaking  up  the  blood  with  another  gas.  The  gases  so 
removed  indicate  directly  the  proportion  of  blood-gases. 

The  following  statement  shows  the  tension  and  percentage  of  0  and  COg  in 
arterial  and  venous  blood,  in  the  atmosphere,  and  in  the  air  of  the  alveoli : — 

V. 

0-Tension  in  the  air  of  the  alveoli  of  the 
catheterised  lung  =  27 '44  mm.    Hg  (cor- 
responding to  3*6  vol.  per  cent.). 
VI. 

COa-Tension  in  the  air  of  the  alveoli  of  the 
catheterised  lung  =  27  mm.  Hg  (correspond- 
ing to  3-56  vol.  per  cent.). 

VII. 

0-Tension  in  the  atmosphere  =  158  mm.  Hg 
(corresi)onding  to  20'8  vol.  per  cent.). 
VIII. 

COg-Tension  in  the  atmosphere  =  0 '38  mm. 
Hg  (corresponding  to  0-03-0 '05  vol.  per 
cent. ). 

When  we  compare  the  tension  of  the  0  in  the  air  (YII.  =158  mm.  Hg)  with 
the  tension  of  the  0  in  venous  blood  (III.  =22  mm.  Hg,  or  V.  =  27*44  mm.  Hg)„ 
we  might  be  inclined  to  assume  that  the  passage  of  the  0  from  the  air  of  the  air- 
vesicles  into  the  blood  was  due  solely  to  diffusion  of  the  gases ;  and  similarly,  we 
might  assume  that  the  COg  of  the  venous  blood  (lY.  or  VI.)  diffused  into  the  air- 
vesicles,  because  the  tension  of  the  COg  in  the  air  is  much  less  (YIII.).  There 
are  a  number  of  facts,  however,  which  prove  that  the  exchange  of  the  gases  in  the 
lungs  is  chiefly  due  to  chemical  forces. 

[Von  Fleischl  finds  that  fluids  yield  up  their  gases  very  much  more  easily  \yhen  they  receive  a 
shock,  and  he  regards  the  shock  communicated  to  the  blood,  by  the  contraction  of  the  heart,  as 
an  important  factor  in  preparing  the  blood  for  the  diffusion  of  COg  from  the  blood-plasma  into 
the  lungs.    No  facts  support  this  theory  as  applied  to  the  human  body.] 

[Changes  produced  in  the  Blood  by  Respiration. — The  blood  of  the  pulmonary 
artery  is  changed  from  venous  into  arterial  blood  (§  39),  the  most  obvious  altera- 
tions being  (1)  the  change  in  colour  from  dark  crimson  to  bright  scarlet.  (2)  It 
loses  COg.  (3)  It  gains  0.  (4)  The  reduced  Hb  of  the  venous  blood  is  converted 
into  HbOg.  (5)  As  to  a  supposed  difference  of  temperature,  see  §  209,  3.  (6) 
Pawlow  finds  that  blood  which  passes  several  times  through  the  lungs  loses  its 
power  of  coagulation.  Are  we  to  assume  that  the  pulmonary  tissues  have  the 
property  of  destroying  the  fibrin-ferment  f\ 

1.  Absorption  of  0. — Concerning  the  absorption  of  0  from  the  air  in  the 
alveoli  into  the  venous  blood  of  the  lung-capillaries,  whereby  the  blood  is  arterial- 
ised,  it  is  proved  that  this  is  a  chemical  process.  The  gas-free  (reduced)  hserao- 
globin  takes  up  0  to  form  oxyhaemoglobin  (§  15,  1).  That  this  absorption  has 
nothing  to  do  directly  with  the  diffusion  of  gases,  but  is  due  to  a  chemical  com- 
bination of  the  atomic  compounds,  is  shown  by  the  fact  that,  when  pure  0  is 
respired,  the  blood  does  not  take  up  more  0  than  when  atmospheric  air  is  respired; 
further,  that  animals  made  to  breathe  in  a  limited  closed  space  can  absorb  almost 
all  the  0 — even  to  traces — into  their  blood  before  suffocation  occurs.  Of  course, 
if  the  absorption  of  0  were  due  to  diffusion,  in  the  former  case  more  0  would  be 
absorbed,  while  in  the  latter  case  the  absorption  of  0  could  not  possibly  occur  to 
such  an  extent  as  it  does.    The  law  of  diffusion  comes  into  play  in  connection  with 


0-Tension  in  arterial  blood  =  29*6  mm.  Hg 
(corresponding  to  a  mixture  containing  3 '9 
vol.  per  cent,  of  0). 

II. 

COg-Tension  in  arterial  blood  =  21  mm.  Hg 
(corresponding  to  2 "8  vol.  per  cent.). 

III. 

0-Tension  in  venous  blood  =  22  mm.  Hg 
(corresponding  to  2 '9  vol.  per.  cent.). 

COg-Tension  in  venous  blood  =41  mm.  Hg 
(corresponding  to  5 "4  vol.  per  cent.). 
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tlie  absorption  of  0  to  this  extent,  viz.,  that  the  0  diffuses  from  the  air-cells  of  the 
lung  into  the  blood-plasma,  where  it  reaches  the  blood-corpuscles  floating  in  the 
plasma.  The  haemoglobin  of  the  blood-corpuscles  forms  at  once  a  chemical  com- 
pound (oxyhsemoglobin)  with  the  0. 

Even  in  very  rarefied  air,  such  as  is  met  with  in  the  upper  regions  of  the  atmosphere  during 
a  balloon  ascent,  the  absorption  of  0  still  remains  independent  of  the  partial  pressure.  But  a 
pinch  longer  time  is  required  for  this  process  at  the  ordinary  temperature  of  the  body,  so  that 
in  rarefied  air  the  absorption  of  0  is  greatly  delayed,  but  it  is  not  diminished.  This  is  the 
cause  of  death  in  aeronauts  who  have  ascended  so  high  that  the  atmospheric  pressure  is  dimin- 
ished to  one-third  {Setschenotv). 

2.  Elimination  of  COg. — With  regard  to  the  excretion  of  CO2  from  the  blood, 
we  must  remember  that  the  COg  in  the  blood  exists  in  two  conditions.  Part  of 
the  CO2  forms  a  loose  or  feeble  chemical  compound,  while  another  portion  is  more 
firmly  combined.  The  former  is  obtained  by  those  means  which  remove  gases 
from  fluids  containing  them  in  a  state  of  absorption,  so  that  in  removing  the  COg 
from  the  blood  it  is  difficult  to  determine  whether  the  CO2,  so  removed,  obeyed 
the  law  of  diffusion,  or  if  it  was  expelled  by  chemical  means. 

Although  it  is  convenient  to  represent  the  excretion  of  CO2  from  the  blood  into 
the  air-vesicles  of  the  lung  as  due  to  equilibration  of  the  tension  of  the  CO^  on 
opposite  sides  of  the  alveolar  membrane,  i.e.,  to  diffusion — nevertheless,  chemical 
processes  play  an  important  part  in  this  act.  The  absorption  of  0  by  the  coloured 
corpuscles  acts,  at  the  same  time,  in  expelling  CO2.  This  is  proved  by  the  fact 
that  the  expulsion  of  COg  from  the  blood  takes  place  more  readily  when  0  is 
simultaneously  admitted.  The  free  supply  of  0  not  only  favours  the  removal  of 
the  CO2,  which  is  loosely  combined,  but  it  also  favours  the  expulsion  of  that 
portion  of  the  CO2  which  is  more  firmly  combined,  and  which  can  only  be  expelled 
by  the  addition  of  acids  to  the  blood.  That  the  oxygenated  blood-corpuscles  (i.e., 
their  oxyhsemoglobin)  are  concerned  in  the  removal  of  COg  is  proved  by  the  fact 
that  CO2  is  more  easily  removed  from  serum  which  contains  oxygenated  blood- 
corpuscles  than  from  serum  charged  with  0. 

[The  following  scheme  may  serve  to  illustrate  the  extent  to  which  diffusion 
comes  into  play.  The  0  must  pass  through  the  alveolar  membrane,  AB — including 
the  alveolar  epithelium  and  the  wall  of  the  capillaries — as  well  as  the  blood-plasma, 
to  reach  the  haemoglobin  of  the  blood-corpuscles.  Similarly,  the  CO2  must  leave 
the  salts  of  the  plasma  with  which  it  is  in  combination,  and  diffuse  in  the  opposite 
direction,  through  the  wall  of  the  capillaries,  the  alveolar  membrane,  and 
epithelium,  to  reach  the  air- vesicles.  Let  AB  represent  the  alveolar  membrane ; 
on  the  one  side  of  it  is  represented  the  partial  pressure  of  the  COg  and  0  in  the 
air-vesicles ;  and  on  the  other,  the  partial  pressure  of  the  CO2  and  0  in  the  venous 
blood  entering  the  lung.    The  arrows  indicate  the  direction  of  diffusion.] 

Partial  pressure  of  air  in  j  ......  27^4 


r  CO, 

J  27 
alveoli  of  lung.  | 

"       -r  -I 


A  )~l  T — B 

Tension  of  gases  in  venous         J       ^1  22 

blood  of  lung.  I    CO2  O 

Nature  of  the  Process. — The  exchange  of  gases  between  the  blood  and  the  air 
in  the  lungs  has  been  represented  by  Donders  as  due  to  the  process  of  dissociation. 

[Bohr  used  a  modified  rheometer  of  Ludwig' s,  whereby  living  arterial  blood  was  brought  into 
direct  contact  with  a  volume  of  air  containing  a  greater  or  less  percentage  of  COg.  Even  when 
the  amount  of  CO,  in  the  air  in  direct  contact  with  the  blood  was  very  small,  it  was  found  that 
very  little  COg  diffused  from  the  blood  into  the  air-space.  Bohr  therefore  concludes  that  the 
separation  of  COg  from  the  venous  blood  iu  the  lungs,  and  its  passage  into  the  air-vesicles,  are 
not  explicable  on  the  hypothesis  of  diffusion,  but  we  must  rather  regard  the  COg  as  removed  from 
the  blood  by  the  pulmonary  tissue  by  means  of  a  kind  of  secretory  process,  analogous  to  the 
excretion-processes  in  glands.] 


222 


DISSOCIATION  OF  GASES. 


[Sec.  129. 


129.  DISSOCIATION  OF  GASES. — Many  gases  form  true  chemical  compounds 
with  other  bodies  {i.e.,  they  combine  according  to  their  equivalents),  when  the  con- 
tact of  these  bodies  is  effected  under  conditions  such  that  the  partial  pressure  of 
the  gases  is  high.  The  chemical  compound  formed  mider  these  conditions  is 
broken  up  whenever  the  partial  pressure  is  diminished,  or  when  it  reaches  a 
certain  minimum  level,  which  varies  with  the  nature  of  the  bodies  forming  the 
compound.  Thus,  by  increasing  and  diminishing  the  partial  pressure  alternately, 
a  chemical  compound  of  the  gas  may  be  formed  and  again  broken  up.  This  pro- 
cess is  called  dissociation  of  the  gases.  The  minimal  partial  pressure  is  constant 
for  each  of  the  different  substances  and  gases,  but  temperature,  as  in  the  case  of 
the  absorption  of  gases,  has  a  great  effect  on  the  partial  pressure  ;  with  increase 
of  temperature  the  partial  pressure,  under  which  dissociation  occurs,  diminishes. 

As  an  example  of  the  dissociation  of  a  gas,  take  the  case  of  calcium  carbonate.  When  it  is 
heated  in  the  air  to  440°  C,  CO.,  is  given  off  from  its  state  of  chemical  combmation,  but  is 
taken  up  again,  and  a  chemical  compound  formed,  which  is  changed  into  chalk  when  it  cools. 

Dissociation  in  the  Blood.— The  chemical  combinations  containing  C0._^  and 
those  containing  0  within  the  blood-stream,  viz.,  the  salts  of  the  plasma,  which 
are  combined  with  CO2,  and  the  oxyhsemoglobin,  behave  in  a  similar  manner.  If 
these  compounds  of  0  and  COg  are  placed  under  conditions  where  the  partial 
pressure  of  these  gases  is  very  low— in  a  medium  containing  a  very  small 
amount  of  these  gases,  the  compounds  are  dissociated,  i.e.,  they  give  off  COg  or  0. 
If  after  being  dissociated  they  are  placed  under  conditions  where,  owing  to  the 
large  amount  of  these  gases,  the  partial  pressure  of  0  or  of  CO.^  is  high,  these 
o-ases  are  taken  up  again,  and  enter  into  a  condition  of  chemical  combination. 

The  hfemoglobin  of  the  blood  in  the  pulmonary  capillaries  finds  plenty  of  0  in 
the  alveoli ;  hence,  it  unites  with  the  0  owing  to  the  partial  pressure  of  the  0  m 
the  lung,  and  so  forms  the  compound  oxyhsemoglobin.  On  its  course  through  the 
capillaries  of  the  systemic  circulation,  the  oxyhsemoglobin  of  the  blood  comes  into 
relation  with  tissues  poor  in  0  ;  the  oxyhsemoglobin  is  dissociated,  the  0  is  supphed 
to  the  tissues,  and  the  blood  freed  from  this  O  returns  to  the  right  heart,  and 
passes  to  the  lungs,  where  it  takes  up  the  new  0.  ^    ^  ■  ^       ^-  ^ 

The  blood  whilst  circulating  meets  with  most  CO2  in  the  tissues  ;  the  high  partial 
pressure  of  the  CO2  in  the  tissues  causes  COg  to  unite  with  certain  constituents  m 
the  blood  so  as  to  form  chemical  compounds,  which  carry  the  CO2  from  the  tissues 
to  the  lungs.  In  the  air  of  the  lungs,  however,  the  partial  pressure  of  the  C02_is 
very  low  dissociation  of  these  chemical  compounds  occurs  under  the  low  partial 
pressure,'  and  the  CO2  passes  into  the  air-cells  of  the  lung,  from  which  it  is  expelled 
during  expiration.  It  is  evident  that  the  giving  up  of  0  from  the  blood  to  the 
tissues,  and  the  absorption  of  CO^  from  the  tissues,  go  on  side  by  side  and  take  place 
simultaneously,  while  in  the  lungs  the  reverse  processes  occur  almost  simultaneously. 

130  CUTANEOUS  RESPIEATION.— Methods.— If  a  man  or  an  animal  be  placed  in  the 
chamber  of  the  respiratory  apparatus  (§  122),  and_  if  tubes  be  so  arranged  that  the  respiratory 
gases  do  not  enter  the  chamber,  of  course  we  obtam  only  the  perspi^^tmi  of  the  sk  n  m  the 
chamber.  It  is  less  satisfactory  to  leave  the  head  of  the  person  outside  the  chamber,  while  the 
neck  is  fixed  air-tight  in  the  wall  of  the  chamber.  The  extent  of  the  cutaneous  respiration  of 
a  limb  may  be  ascertained  by  enclosing  it  in  an  air-tight  vessel  [Rohrig)  similar  to  that  used 
for  the  arm  in  the  Plethysmograph  (§  101). 

Loss  by  Skin.— A  healthy  man  loses  by  the  skin,  in  24  hours,  of  his  body^ 
weight,  which  is  greater  than  the  loss  by  the  lungs,  in  the  ratio  of  3  :  2.  Only  10 
grams— 150  grains,— or  it  may  be  3-9  grams-60  grains,— of  the  entire  loss  are 
due  to  the  CO2  given  off  by  the  skin.  The  remainder  of  the  excretion  from  the 
skin  is  due  to  water  [li-2R)s.  daily]  containing  a  few  salts  in  solution.  When  the 
surrounding  temperature  is  raised,  the  COg  is  increased,  m  fact  it  may  be  doubled  ] 
violent  muscular  exercise  has  the  same  effect 
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0  Absorbed. — The  0  taken  up  by  the  skin  is  either  equal  to,  or  sHghtly  less 
than,  the  COg  given  off.  As  the  COg  excreted  by  the  skin  is  only  ^-i^  ^^^^^  ex- 
creted by  the  lungs,  while  the  0  taken  in  =  yi^"  ^^^^^  taken  in  by  the  lungs,  it 
is  BYideiit  thsit  the  respii^atoiy  actiüÜT/ of  the  skin  is  very  slight.  Animals  whose 
skin  has  been  covered  by  an  impermeable  varnish  die,  not  from  suffocation,  but 
from  other  causes  (§  225). 

In  animals  Avith  a  thin  moist  epidermis  (frog)  the  exchange  of  gases  is  much  greater,  and  in 
them  the  skin  so  far  supports  the  lungs  in  their  function,  and  may  even  partly  replace  them 
functionally.  The  skin  of  the  frog  eliminates  |-|  of  all  the  CO.2  excreted  {Bidder),  and  even 
a  larger  proportion  in  winter  frogs.  Thus  dipping  a  frog  in  oil  kills  it  sooner  than  ligature  of 
the  lungs.  In  mammals  with  thick  dry  cutaneous  appendages,  the  exchange  of  gases  is, 
again,  much  less  than  in  man. 

131.  INTERNAL  RESPIRATION.— Where  CO2  is  formed.— By  the  term 
"  internal  respiration  "  is  understood  the  exchange  of  gases  between  the  capillaries 
of  the  systemic  circulation  and  the  tissues  of  the  organs  of  the  body.  As  organic 
constituents  of  the  tissues,  during  their  activity,  undergo  gradual  oxidation,  and 
form,  amongst  other  products,  COg  ;  Ave  may  assume — (1)  that  the  chief  focus  for 
the  absorption  of  0  and  the  formation  of  COg  is  to  be  sought  for  within  the 
tissues  themselves.  That  the  0  from  the  blood  in  the  capillaries  rapidly  penetrates 
or  diffuses  into  the  tissues  is  shown  by  the  fact  that  the  blood  in  the  capillaries 
rapidly  loses  0  and  gains  COg,  while  blood  containing  0,  and  kept  warm  out- 
side the  body,  changes  very  slowly  and  incompletely.  If  j)ortions  of  fresh  tissues 
be  placed  in  defibrinated  blood  containing  0,  then  the  0  rapidly  disappears. 
Frogs  deprived  of  their  blood  exhibit  an  exchange  of  gases  almost  as  great  as 
normal.  This  shows  that  the  exchange  of  gases  must  take  place  in  the  tissues 
themselves.  If  the  chief  oxidations  took  place  in  the  blood  and  not  in  the  tissues, 
then  during  suffocation,  when  0  is  excluded,  the  substances  which  use  up  0,  i.e., 
those  substances  which  act  as  reducing  agents,  ought  to  accumulate  in  the  blood. 
But  this  is  not  the  case,  for  the  blood  of  asphyxiated  animals  contains  mere  traces 
of  reducing  materials  {Pflüger).  It  is  difficult  to  say  how  the  0  is  absorbed  by  the 
tissues,  and  what  becomes  of  it  immediately  it  comes  in  contact  with  the  living 
elements  of  the  tissues.  Perhaps  it  is  temporarily  stored  up,  or  it  may  form  certain 
intermediate  less  oxidised  compounds.  This  may  be  followed  by  a  period  of  rajDid 
formation  and  excretion  of  COg.  On  this  supposition,  it  is  evident  that  the  absorp- 
tion of  0  and  the  excretion  of  COo  need  not  occur  to  the  same  extent,  so  that  the 
amount  of  COg  given  off  at  any  period  is  not  necessarily  an  index  of  the  amount  of 
0  absorbed  during  the  same  period  (§  126). 

[Oxygen  exists  in  excessively  small  quantities  in  the  tissues,  so  that  its  tension  may 
be  considered  as  nearly  zero  :  thus  the  0  of  the  blood  must  diffuse  towards  the 
tissues.  If  two  fingers  touching  each  other  be  held  in  front  of  a  bright  light,  then 
by  means  of  a  spectroscope  placed  opposite  the  interval  between  them,  one  can  see 
the  two  bands  of  oxy-hsemoglobin.  If  the  bases  of  the  fingers  be  constricted  the 
single  band  of  reduced  hsemoglobin  appears  in  less  than  two  minutes,  so  rapidly  is 
the  blood  robbed  of  its  oxygen.  The  COg  formed  in  the  tissues  diffuses  towards 
the  blood.  The  following  scheme  after  Beaunis  represents  the  decrease  in  tension 
of  the  two  gases — 

0 — -Atmosphere  >  air  in  lungs  >  blood  >  tissues. 
CO2 — Tissues  > blood > air  in  lungs  > atmosphere.] 

[There  are  two  views  as  to  where  the  COg  is  formed  as  the  blood  passes  through 
the  tissues.  One  view  is  that  the  seat  of  oxidation  is  in  the  blood  itself,  and  the 
other  is  that  it  is  formed  in  the  tissues.  If  we  knew  the  tension  of  the  gases  in 
the  tissues,  the  problem  would  be  easily  solved,  but  we  can  only  arrive  at  a  know- 
ledge of  this  subject  indii^ectly  in  the  following  ways]  : — 
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CO  in  Cavities. -That  the  CO^  is  formed  in  the  tissues  is  supported  by  the  fact  that  the 
anrount  of  go!  in  the  fluids  of  the  cavities  of  the  body  is  greater  than  the  CO,  in  the  blood  of 
the  capillaries^    The  tension  of  COo  lu 


Arterial  blood, 
Peritoneal  cavity, 
•  Acid  urine, 
Cavity  of  intestine, 


Mm. 

21-28  Hg  tension. 

58-5 

68-0 

58-5 


Mm. 

Bile  (gall  bladder),       .       50-0  Hg  tension. 
Hydrocele  fluid,    .       .       46-5  ,, 
Lymph  (thoracic  duct),  .       34-0    ,,  ,, 

{Pflüger  and  Strassburg.) 


The  large  amount  of  CO,  in  these  fluids  can  only  arise  from  the  CO,  of  the  tissues  passing  into 
Gases  of  Lymph. -The  following  table  shows  the  amount  of  gases  in  lymph  :- 


0 

C02 

N 

Lymph  from  arm,        .       •       •  | 
Lymph  from  intestine, 

0-00 
0-10 
0-10 

41-89 
47-13 
37-55 

1-12 
1-58 
1-63 

In  the  Ivmph  of  the  ductus  thoracicus  the  tension  ot  yjKj,  =  66-^  10  0/  ^ 
wbi?.h  is  Ser  than  in  arterial  blood,  hut  considerably  less  than  ^n  venous  blood  (41^0 
mn    H^)  ^  S.;?r«^^'?  Hammarsten,  Tschirjero).    This  does  not  entitle  us  to  conclude 
Zhh  the  ti^rues  from  which  the  lymph  comes  only  a  small  quantity  of  CO,  is  formed,  but 
Jatl  e^^thät  in  the^  1^^^^^^^^  is  less  attraction  for  the  CO,  fomied  in  the  tissues  than  in  the 

SooLf  the  W  chemical  forces  are  active  in  causing  it  to  combine,  or  that  m  the 

ont^i  f^vfÄ^^^^  "  W  much  CO,  £the  blood.^  The  a^^^^^^^^^^  ..e 

WtToi  T  e  exchan-e  of  0  and  CO.,  varies  much  in  the  different  tissues.  The  muscles  are 
th   mTsUmoo^^^^^^^^  for  in  their  active  condition  they  excrete  a  large  amount  of  CO., 

.n  l^e  u    S  is  so  rapidly  used  up  by  them  that  no  free  0  can  be  pumped  out 

o^m^scZ- Ü  sue  (i.  slrmann).    The  exchange  of  gases  is  more  vigorous  during  the  activity 
of  Te  fesues     Nor  are  the  salivary  glands,  kidneys,  and  pancreas  any  exception,  for  although 
when  tl  esn^^^  actively  secreting,  the  blood  flows  out  of  the  dilated  vein swn_  a  br  ght 

Ted  stream   sUl^^^^^^^^^  relative  diminution  of  CO,  is  more  than  compensated  by  the  increased 

^teTucÄ  tt^^^^^^^^^^  ^ave  shown  .that  in  most  tissues  very 
Keducuon  Dy  ine  i.b  colouring-matteis,  such  as  alizarin  blue,  indophenol  blue, 

:rShyibt%riuu.od^ 

?L^ps  or  or"ans  whicli  have  a  particular  affinity  for  0  (e.g.,  liver,  cortex  of  the  kidney,  and 
fun^),  ab°o?b  O  fToui  these  pigments,  and  render  them  colourless.  The  pancreas  and  sub- 
maxillary  gland  scarcely  reduce  them  at  all. 

(2)  In  the  blood  itself,  as  in  all  tissues,  0  is  used  up  and  00^  is  formed  ihis 
is  proved  by  the  following  facts  :-That  blood  withdrawn  from  the  body  becomes 
poorer  in  0  and  richer  in  CO,  ;  that  in  the  blood  of  asphyxia,  free  from  0  and 
Fn  the  blood-corpuscles,  there  are  slight  traces  of  reducmg  agen  s,  which  become 
oxidised  on  the  addition  of  0.  Still,  this  process  is  comparatively  insigmficant  as 
against  that  which  occurs  in  all  the  other  tissues.  That  the  walls  of  the  vessels- 
m°o  e  especially  the  muscular  fibres  in  the  walls  of  the  small  f -"^^^^^ 
produce  CO.,  is  unquestionable,  although  the  exchange  is  so  slight  that  the  blood 
in  its  whole  arterial  course  undergoes  no  visible  change. 

formed  than  in  unmixed  blood  similarly  trauslused. 

(3)  That  the  tissues  of  the  Uving  lungs  use  0  and  g'™  off  CO^  is  probable 
When  C  Ludwig  and  MuUer  passed  arterial  blood  through  the  «»»«l^of  * 
lunc  deprived  of  air,  the  0  was  diminished  and  the  CO,  increased.    As  the  total 
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amount  of  CO 2  and  O  found  in  the  entire  blood,  at  any  one  time,  is  only  4  grams, 
and  as  the  daily  excretion  of  CO2  =  900  grams,  and  the  0  absorbed  daily  =  744 
grams,  it  is  clear  that  exchange  of  gases  must  go  on  with  great  rapidity,  that 
the  0  absorbed  must  be  used  quickly,  and  the  CO^  must  be  rapidly  excreted. 

Still,  it  is  a  striking  fact  that  oxidation-processes  of  such  magnitude,  as  e.g.,  the  union  of  C 
to  form  CO2,  occur  at  a  relatively  low  temperature  of  the  blood  and  the  tissues.  It  has  been 
surmised  that  tee  blood  acts  as  an  ozone-producer,  and  transfers  this  active  form  of  0  to  the 
tissues.  Liebig  showed  that  the  alkaline  reaction  of  most  of  the  juices  and  tissues  favours  the 
processes  of  oxidation.  Numerous  organic  substances,  which  are  not  altered  by  0  alone, 
become  rapidly  oxidised  in  the  presence  of  free  alkalies,  e.g.,  gallic  acid,  pyrogallic  acid,  and 
sugar  ;  while  many  organic  acids,  which  are  unaffected  by  ozone  alone,  are  changed  into 
carbonates  when  in  the  form  of  alkaline  salts  (Gorup-Besanez);  and  in  the  same  way,  when 
they  are  introduced  into  the  body  in  the  form  of  acids,  they  are  partly  or  wholly  excreted  in  the 
urine,  but  when  they  are  administered  as  alkaline  compounds  they  are  changed  into  carbonates. 

[Comparative  Physiology  of  Respiration. — The  most  important  researches  in 
this  department  have  been  made  by  Regnault  and  Reiset  and  Paul  Bert.  The 
following  table  shows  the  quantity  of  0  absorbed,  COg  and  IS"  excreted  by 
the  respiratory  organs  per  kilo. -weight  of  the  animal  during  one  hour : — 


Rabbit, 
Dog,  . 
Marmot, 
Fowl,  . 
Sparrow, 
Lizard, 
Frog,  . 
Salamander, 
Cockchafer,  . 


0  Absorbed. 

CO2  Excreted. 

N  Excreted. 

grms. 

grms. 

grms. 

0-883 

1-109 

0-004 

1-183 

1-195 

0-007 

0-986 

1-016 

0-009 

1-035 

1-368 

0-007 

9-595 

10-583 

0-008 

0-191 

0-197 

0-004 

0-090 

0-091 

0-000 

0-085 

0-113 

0-000 

0-019 

1-137 

0-087 

[It  is  evident  that  the  respiration  of  birds  is  much  more  active  than  that  of 
mammals,  while  in  mammals  and  insects  it  is  far  more  active  than  in  reptiles  and 
amphibians.    The  respiration  of  fishes  is  much  less  active  than  that  of  mammals.] 

[The  respiratory  quotient  shows  a  marked  difference  in  Carnivora  and 
herbivora;  in  herbivora  =  0-9  -  1,  in  Carnivora  =  0-75  -  0-8,  while  the  omnivora, 
e.g.,  man,  stands  midway  between  =  0-87,  but  it  is  increased  by  carbohydrate 
food,  and  diminished  by  animal  food.  In  starving  animals,  however,  the  respira- 
tory quotient  is  the  same  =  0-75,  showing  that  the  oxidation  in  starving  animals 
takes  place  at  the  expense  of  the  tissues  of  the  body  (Münk).'] 

[The  species  of  animal  exercises  a  marked  influence  on  the  intensity  of  the 
respiratory  process,  as  shown  by  the  following  table  from  Münk,  giving  the  amount 
of  0  absorbed  per  unit  weight  {i.e.,  per  kilogram)  of  the  animal.  It  is  at  once 
apparent  that  the  intensity  of  respiration  is  not  parallel  to  the  body-weight. 


Species  of  Animal. 

0  in  Grams.  Absorbed. 

Respiratory  Quotient, 

Cat,  

1-007 

0  77 

Dog,  

1-183 

0-75 

Rabbit,  

0-918 

0-9-2 

Fowl,  

1-300 

0-93 

Small  Singing-bird, 

11-360 

0-78 

Frog,  

0-084 

0-63 

Man,  

0-417 

0-87 

Horse,  ..... 

0-563 

0-97 

Ox,  

0-55-2 

0-9 

Sheep,  

0-49 

0-98 

15 
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[Small  animals,  as  a  rule,  have  the  greatest  intensity  of  respiration ;  birds  have 
the  most  intense  respiration,  and  this  is  greater  the  smaller  the  bird.  Thus  small 
singing-birds  use  nearly  ten  times  as  much  oxygen  as  fowls.  In  cold-blooded 
animals  it  is  exceedingly  small.  A  guinea-pig  placed  in  a  chamber  containing  little 
oxygen  within  a  short  time  becomes  convulsed  and  dies,  while  a  frog  wiU.  live  for 
many  hours  in  an  atmosphere  devoid  of  oxygen  (MunJc).'] 

133.  RESPIRATION  IN  A  LIMITED  SPACE.— Eespiration  in  a  limited 
space  causes — (1)  a  gradual  diminution  of  0  ;  (2)  a  simultaneous  increase  of  CO2  , 
(3)  a  diminution  in  the  volume  of  the  gases.  If  the  space  be  of  moderate  dimen- 
sions, the  animal  uses  up  almost  all  the  0  contained  therein,  and  dies  ultimately 
from  spasms  caused  by  the  asphyxia.  The  0  is  absorbed,  therefore — independently 
of  the  laws  of  absorption — by  chemical  means.  The  0  in  the  blood  is  almost  com- 
pletely used  up  (§  128).  In  a  larger  space,  the  CO2  accumulates  rj^pidly,  before 
the  diminution  of  0  is  such  as  to  aifect  the  life  of  the  animal.  As  CO. 2  can  only 
be  excreted  from  the  blood  when  the  tension  of  the  CO^  in  the  blood  is  greater 
than  the  tension  of  CO2  in  the  air,  as  soon  as  the  CO^  in  the  surrounding  air  in 
the  closed  space  becomes  the  same  as  in  the  blood,  the  COg  will  be  retained  in  the 
blood,  and  finally  CO^  may  pass  back  into  the  body.  This  occurs  in  a  large  closed 
space,  when  the  amount  of  0  is  still  sufficient  to  support  life,  so  that  death  occurs 
under  these  circumstances  (in  rabbits)  through  poisoning  with  COg  causing 
diminished  excitability,  loss  of  consciousness,  and  lowering  of  temperature,  but  no 
spasms  (  Worm  Müller).  In  pure  0  animals  breathe  in  a  normal  way  ;  the  quantity 
of  0  absorbed  and  the  CO2  excreted  is  quite  independent  of  the  percentage  of  0, 
so  that  the  former  occurs  through  chemical  agency  independent  of  pressure.  In  a 
limited  space  filled  Avith  0  animals  die  by  absorption  of  the  COg  excreted.  Worm 
Müller  found  that  rabbits  died  after  absorbing  COg  equal  to  half  the  volume  of 
their  body,  although  the  air  still  contained  50  per  cent.  0.  Animals  can  breathe 
quite  quietly  a  mixture  of  air  containing  14*8  per  cent.  (20-9  per  cent,  normal) ; 
with  7  per  cent,  they  breathe  with  difficulty;  with  4-5  per  cent,  there  is  marked 
dyspncea  ;  with  3  per  cent.  0  there  is  tolerably  rapid  asphyxia.  The  air  expired 
by  man  normally  contains  14  to  18  per  cent.  0.  According  to  Hempner,  mammals 
placed  in  a  mixture  of  gases  poor  in  0  use  slightly  less  0. 

DyspncBa  occurs  when  the  respired  air  is  deficient  in  0,  as  well  as  when  it  is  overcharged  with 
CO2,  but  the  dyspnoea  in  the  former  case  is  prolonged  and  severe  ;  in  the  latter,  the  respiratory 
activity  soon  ceases.  Tlie  want  of  0  causes  a  greater  and  more  prolonged  increase  of  the  blood- 
pressure  than  is  caused  by  excess  of  COg.  Lastly,  the  consumption  of  0  in  the  body  is  less 
affected  when  the  0  in  the  air  is  diminished  than  when  there  is  excess  of  COg.  If  air  containing 
a  diminished  amount  of  0  be  respired,  death  is  preceded  by  violent  phenomena  of  excitement 
and  spasms,  which  are  absent  in  cases  of  death  caused  by  breathing  air  over-charged  with  COg. 
In  poisoning  with  CO2,  the  excretion  of  COg  is  greatly  diminished,  while  with  diminution  of  0 
it  is  almost  unchanged. 

If  animals  be  supplied  with  a  mixture  of  gases  similar  to  the  atmosphere,  in 
which  N  is  replaced  by  H,  they  breathe  quite  normally  {Lavoisier  and  Seguin) ; 
the  H  undergoes  no  great  change. 

CI.  Bernard  found  that,  when  an  animal  breathed  in  a  limited  space,  it  became  partially 
accustomed  to  the  condition.  On  placing  a  bird  under  a  bell-jar,  it  fived  several  hours  ;  but 
if  several  hours  before  its  death,  another  bird  fresh  from  the  outer  air  were  placed  under  the 
same  bell-jar,  the  second  bird  died  soon,  with  convulsions. 

Frogs,  when  placed  for  several  hours  in  air  devoid  of  0,  give  off  just  as  much  CO2  as  in  air 
containing  0,  and  they  do  this  without  any  obvious  disturbance.  Hence,  it  appears  that  the 
formation  of  COg  is  independent  of  the  absorption  of  0,  and  the  COg  must  be  formed  from  the 
decomposition  of  other  compounds.  Ultimately,  however,  complete  motor  paralysis  occurs, 
whilst  the  circulation  remains  undisturbed  (Aubert). 

[134.  DYSPN(EA  AND  ASPHYXIA.— For  the  causes  of  dyspnoea  see  §  111, 
and  those  of  asphyxia  see  §  368.    If  from  any  cause  an  animal  be  not  supplied 
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with  a  due  amount  of  air,  normal  respiration  becomes  greatly  altered,  passing 
through  the  phases  of  hyperpnoea,  or  increased  respiration,  dyspnoea,  or  difficulty 
of  breathing,  to  the  final  condition  of  suffocation  or  asphyxia.  The  phenomena  of 
asphyxia  may  be  developed  by  closing  the  trachea  of  an  animal  with  a  clamp,  or 
by  any  means  which  prevents  the  entrance  of  air  or  blood  into  the  lungs. 

The  phenomena  of  asphyxia  are  usually  divided  into  several  stages  :— 1.  During 
the  first  stage  there  is  hyperpnoea,  the  respirations  being  deeper,  more  frequent, 
and  laboured.  The  extraordinary  muscles  of  respiration— both  those  of  inspiration 
and  expiration  (§  118)— are  called  into  action,  dyspnoea  is  rapidly  produced,  and  the 
struggle  for  air  becomes  more  and  more  severe.  At  the  same  time  the  oxygen  of 
the  blood  is  being  used  up,  while  the  blood  itself  becomes  more  and  more  venous. 
The  venous  blood  circulating  in  the  medulla  oblongata  and  spinal  cord  stimulates 
the  respiratory  centres,  and  causes  the  violent  respirations.  This  stage  usually 
lasts  about  a  minute,  and  gradually  gives  place  to— 

2.  The  second  stage,  when  the  inspiratory  muscles  become  less  active,  while 
those  concerned  in  laboured  expiration  contract  energetically,  and  indeed  almost 
every  muscle  in  the  body  may  contract ;  so  that  this  stage  of  violent  expiratory 
efforts  ends  in  general  convulsions.  The  convulsions  are  due  to  stimulation  of  the 
respiratory  centres  by  the  venous  blood.  The  convulsive  stage  is  short,  and  is 
usually  reached  in  a  little  over  one  minute.    This  storm  is  succeeded  by— 

3.  The  third  stage,  or  stage  of  exhaustion,  the  transition  being  usually  some- 
what sudden.  It  is  brought  about  by  the  venous  blood  acting  on  and  paralysing 
the  respiratory  centres.  The  pupils  are  widely  dilated,  consciousness  is  abolished, 
and  the  activity  of  the  reflex  centres  is  so  depressed  that  it  is  impossible  to  dis- 
charge a  reflex  act,  even  from  the  cornea.  The  animal  lies  almost  motionless,  with 
flaccid  muscles,  and  to  all  appearance  dead,  but  every  now  and  again,  at  long 
intervals,  it  makes  a  few  deep  inspiratory  efforts,  showing  that  the  respiratory 
centres  are  not  quite,  but  almost  paralysed.  Gradually  the  pauses  become  longer 
and  the  inspirations  feebler  and  of  a  gasping  character.  As  the  venous  blood 
circulates  in  the  spinal  cord,  it  causes  a  large  number  of  muscles  to  contract,  so 
that  the  animal  extends  its  trunk  and  limbs.  It  makes  one  great  inspiratory 
spasm,  the  mouth  being  widely  opened  and  the  nostrils  dilated,  and  ceases  to 
breathe.  After  this  stage,  which  is  the  longest  and  most  variable,  the  heart 
becomes  paralysed,  partly  from  being  over-distended  with  venous  blood,  and 
partly,  perhaps,  from  the  action  of  the  venous  blood  on  the  cardiac  tissues,  so  that 
the  pulse  can  hardly  be  felt.  To  this  pulseless  condition  the  term  "  asphyxia  " 
ought  properly  to  be  applied.  In  connection  with  the  resuscitation  of  asphyxiated 
persons,  it  is  important  to  note  that  the  heart  continues  to  beat  for  a  few  seconds 
after  the  respiratory  movements  have  ceased. 

The  whole  series  of  phenomena  occupies  from  3  to  5  minutes,  according  to  the 
animal  operated  on,  and  depending  also  upon  the  suddenness  with  which  the 
trachea  was  closed.  If  the  causes  of  suffocation  act  more  slowly,  the  phenomena 
are  the  same,  only  they  are  developed  more  slowly. 

The  Circulation. — The  post-mortem  appearances  in  man  or  in  an  animal  are 
generally  well  marked.  The  right  side  of  the  heart,  the  pulmonary  artery,  the 
vense  cavse,  and  the  veins  of  the  neck  are  engorged  with  dark  venous  blood.  The 
left  side  is  comparatively  empty.  If  the  veins  on  the  right  side,  or  the  right  side 
of  the  heart,  be  pricked,  the  blood  spurts  out.  Most  observers  are  agreed  that 
the  left  side  of  the  heart  is  comparatively  empty,  although  they  are  not  in  accord 
as  to  its  cause.  Some  observers  ascribe  it  to  the  rigor  mortis  of  the  left  side  of 
the  heart,  and  the  elastic  recoil  of  the  systemic  arteries,  forcing  the  blood  towards 
the  systemic  veins.  G.  Johnson  ascribes  the  engorgement  of  the  right  side  to 
spasm  of  the  pulmonary  arterioles.  The  blood  itself  is  almost  black,  and  is 
deprived  of  almost  all  its'  oxygen,  its  haemoglobin  being  nearly  all  in  the  condition 
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of  reduced  li£emogiobin,  while  ordinary  venous  blood  contains  a  considerable 
amount  of  oxyhgemoglobin  as  well  as  reduced  Hb.  The  blood  of  an  asphyxiated 
animal  practically  contains  none  of  the  former  and  much  of  the  latter.  The 
spectrum  of  blood  from  an  asphyxiated  animal,  where  all  the  oxygen  has  been 
used  ujj,  is  that  of  reduced  haemoglobin  (p.  26).  It  is  important  to  study  the 
changes  in  the  circulation  in  relation  to  phenomena  exhibited  by  an  animal 
during  suffocation. 

We  may  measure  the  blood-pressure  in  any  artery  of  an  animal  while  it  is  being 
asphyxiated,  or  we  may  open  its  chest,  maintain  artificial  respiration,  and  place  a 
manometer  in  a  systemic  artery,  e.g.,  the  carotid,  and  another  in  a  branch  of  the 
pulmonary  artery.  In  the  latter  case,  we  can  watch  the  order  of  events  in  the 
heart  itself,  when  the  artificial  respiration  is  interrupted.  It  is  well  to  study 
the  events  in  both  cases. 

If  the  blood-pressure  l)e  measured  in  a  systemic  artery,  e.g.,  the  carotid,  it  is 
found  that  the  blood-pressure  rises  very  rapidly,  and  to  a  great  extent  during  the 
first  and  second  stages  ;  the  pulse-beats  at  first  are  quicker,  but  soon  become  slower 
and  more  vigorous.  During  the  third  stage  it  falls  rapidly  to  zero.  The  great 
rise  of  the  blood-pressure,  during  the  first  and  second  stages,  is  chiefly  due  to  the 
action  of  the  venous  blood  on  the  general  vaso-motor  centre,  causing  constriction  of 
the  small  systemic  arteries.  The  peripheral  resistance  is  thus  greatly  increased, 
and  it  tends  to  cause  the  heart  to  contract  more  vigorously,  but  the  slower  and 
more  vigorous  beats  of  the  heart  are  also  partly  due  to  the  action  of  the  venous 
blood  on  the  cardio-inhibitory  centre  in  the  medulla. 

If  the  second  method  be  adopted,  viz.,  to  open  the  chest,  keep  up  artificial 
respiration,  and  measure  the  blood-pressure  in  a  branch  of  the  pulmonary  artery, 
as  well  as  in  a  systemic  artery,— e..^/.,  the  carotid,— we  find  that  when  the  artificial 
respiration  is  stopped,  in  addition  to  the  rise  of  the  blood-pressure  indicated  in  the 
carotid  manometer,  the  cavities  of  the  heart  and  the  large  veins  near  it  are  engorged 
with  venous  blood.  There  is,  however,  but  a  slight  comparative  rise  in  the  blood- 
pressure  in  the  pulmonary  artery ;  while  the  systemic  pressure  may  be  doubled, 
the  pulmonary  artery  pressure  may  be  only  raised  a  few  millimetres  (p.  149). 
This  may  be  accounted  for,  either  by  the  pulmonary  artery  not  being  influenced 
to  the  same  extent  as  other  arteries  by  the  vaso-motor  centre,  or  by  its  greater 
distensibility  (§  88).  But,  as  the  heart  itself  is  supplied  through  the  coronary 
arteries  with  venous  blood,  its  action  soon  becomes  weakened,  each  beat  becomes 
feebler,  so  that  soon  the  left  ventricle  ceases  to  contract,  and  is  unable  to  over- 
come the  great  peripheral  resistance  in  the  systemic  arteries,  although  the  right 
ventricle  may  still  be  contracting.  As  the  blood  becomes  more  venous,  the  vaso- 
motor centre  becomes  paralysed,  the  small  systemic  arteries  relax,  and  the  blood 
flows  from  them  into  the  veins,  while  the  blood-pressure  in  the  carotid  manometer 
rapidly  falls.  The  left  ventricle,  now  relieved  from  the  great  internal  pressure, 
may  execute  a  few  feeble  beats,  but  they  can  only  be  feeble,  as  its  tissues  have 
been  subjected  to  the  action  of  the  very  impure  blood.  More  and  more  blood 
accumulates  in  the  right  side  from  the  causes  already  mentioned.  The  violent 
inspiratory  efforts  in  the  early  stages  aspirate  blood  from  the  veins  towards  the  right 
side  of  the  heart,  but  of  course  this  factor  is  absent  when  the  chest  is  opened.] 

[Convulsions  during  asphyxia  occur  only  in  warm-blooded  animals,  and  not  in 
frogs.  If  a  drug  when  injected  into  a  mammal  excites  convulsions,  but  does  not 
do  so  in  the  frog,  then  it  is  usually  concluded  that  the  convulsions  are  due  to  its 
action  on  the  circulation  and  respiration,  and  not  to  any  direct  stimulating  effect 
upon  the  motor  centres.  But  if  the  drug  excites  convulsions  both  in  the  mammal 
and  frog,  then  it  probably  acts  directly  on  the  motor  centres  (Bi^unton).] 

[Recovery  from  the  condition  of  Asphyxia.— If  the  trachea  of  a  dog  be  closed  suddenly  and 
completely,  the  average  duration  of  the  respiratory  movements  is  4  minutes  5  seconds,  while 
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the  heart  continues  to  beat  for  about  7  minutes.  Recovery  may  be  obtained  if  proper  means  be 
adopted  before  the  heart  ceases  to  beat  ;  but  after  this,  never.  If  a  dog  be  drowned,  the  result 
is  different.  After  complete  submersion  for  1^-  minute,  recovery  did  not  take  place.  In 
drowning,  air  passes  out  of  the  chest,  and  water  is  inspired  into  and  fills  the  air- vesicles.  It 
is  rare  for  recovery  to  take  place  in  a  person  deprived  of  air  for  more  than  five  miniites.  If  the 
statements  of  sponge-divers  are  to  be  trusted,  a  person  may  become  accustomed  to  the  deprival 
of  air  for  a  longer  time  than  usual.  In  cases  where  recovery  takes  place  after  a  much  longer 
period  of  submersion,  it  has  been  suggested  that,  in  these  cases,  syncope  occurs,  the  heart  beats 
but  feebly  or  not  at  all,  so  that  the  oxygen  in  the  blood  is  not  used  up  with  the  same  rapidity. 
It  is  a  well-known  fact  that  newly-born  and  young  puppies  can  be  submerged  for  a  long  time 
before  they  are  suffocated.  Young  mammals  in  which  the  eyes  remain  closed  for  some  time 
after  birth  survive  submersion  for  a  much  longer  time  than  the  same  class  of  animals  a  few  days 
older,  the  reason  being  that  in  the  former  the  foramen  ovale  and  ductus  arteriosus  are  still 
patent,  while  in  the  latter  they  are  closed.] 

Artificial  Respiration  in  Asphyxia. — In  cases  of  suspended  animation,  artificial  respiration 
must  be  performed.  The  first  thing  to  be  done  is  to  remove  any  foreign  substance  from  the 
respiratory  passages  (mucus  or  oedematous  fluids)  in  the  newly-born  or  asphyxiated.  In  doubt- 
ful cases,  open  the  trachea  and  suck  out  any  fluid  by  means  of  an  elastic  catheter  {v.  Hüter). 
Recourse  must  in  all  cases  be  had  to  artificial  respiration.  There  are  several  methods  of  dilating 
and  compressing  the  chest  so  as  to  cause  an  exchange  of  gases.  One  method  is  to  compress  the 
chest  rhythmically  with  the  hands. 

[Marshall  HaU's  Method.— "  After  clearing  the  mouth  and  throat,  place  the  patient  on  the 
face,  raising  and  supporting  tlie  chest  well  on  a  folded  coat  or  other  article  of  dress.  Turn  the 
body  very  gently  on  the  side  and  a  little  beyond,  and  then  briskly  on  the  face,  back  again, 
repeating  these  measures  cautiously,  efficiently,  and  perseveringly,  about  fifteen  times^  in  the 
minute,  or  once  every  four  or  five  seconds,  occasionally  varying  the  side.  By  placing  the 
patient  on  the  chest,  the  weight  of  the  body  forces  the  air  out  ;  when  turned  ou  the  side  this 
pressure  is  removed,  and  air  enters  the  chest.  On  each  occasion  that  the  body  is  replaced  on 
the  face,  make  uniform  but  efficient  pressure  with  brisk  movement  on  the  back  between  and 
below  the  shoulder-blades  or  bones  on  each  side,  removing  the  pressure  immediately  before 
turning  the  body  on  the  side.  During  the  whole  of  the  operations  let  one  person  attend  solely 
to  the  movements  of  the  head  and  of  the  arm  placed  under  it."] 

[Sylvester's  Method.— "  Place  the  patient  on  the  back  on  the  flat  surface,  inclined  a_ little 
upwards  from  the  feet  ;  raise  and  support  the  head  and  shoulders  on  a  small  firm  cushion  or 
folded  article  of  dress  placed  under  the  shoulder-blades.  Draw  forward  the  patient's  tongue, 
and  keep  it  projecting  beyond  the  lips  ;  an  elastic  band  over  the  tongue  and  under  the  chin 
will  answer  this  purpose,  or  a  piece  of  string  or  tape  may  be  tied  round  them,  or  by  raising  the 
lower  jaw  the  teeth  may  be  made  to  retain  the  tongue  in  that  position.  Remove  all  tight 
clothing  from  about  the  neck  and  chest,  especially  the  braces."  "  To  Imitate  the  Movements  of 
Breathing,— Standing  at  the  patient's  head,  grasp  the  arms  just  above  the  elbows,  and  draw  the 
arms  gently  and  steadily  upwards  above  the  head,  and  keep  them  stretched  upwards  for  two 
seconds.  By  this  means  air  is  drawn  into  the  lungs.  Then  turn  down  the  patient's  arms,  and 
press  them  gently  and  firmly  for  two  seconds  against  the  sides  of  the  chest.  By  this  means  air 
is  pressed  out  of  the  lungs.  Repeat  these  measures  alternately,  deliberately,  and  perseveringly 
about  fifteen  times  in  a  minute,  until  a  spontaneous  effort  to  respire  is  perceived,  immediately 
upon  which  cease  to  imitate  the  moveuients  of  breathing,  and  proceed  to  induce  circulation  and 
loarmth."] 

Howard  advises  rhythmical  compression  of  the  chest  and  abdomen  by  sitting  like  a  rider 
astride  of  the  body,  while  Schüller  advises  that  the  lower  ribs  be  seized  from  above  with  both 
hands  and  raised,  whereby  the  chest  is  dilated,  especially  when  the  thigh  is  pressed  against  the 
abdomen  to  compress  the  abdominal  walls.  The  chest  is  compressed  by  laying  the  hands  flat 
upon  the  hypochondria.  Artificial  respiration  acts  favourably  by  supplying  O  to,  as  well  as 
removing  CO^  from,  the  blood  ;  further,  it  aids  the  movement  of  the  blood  within  the  heart 
and  in  the  large  vessels  of  the  thorax.  If  the  action  of  the  heart  has  ceased,  recovery  is  irnpos- 
sible.  In  asphyxiated  newly-born  children,  we  must  not  cease  too  soon  to  perform  artificial 
respiration.  Even  when  the  result  appears  hopeless,  we  ought  to  persevere.  Pflüger  and  Zuntz 
observed  that  the  reflex  excitability  of  the  foetal  heart  continued  for  several  hours  after  the 
death  of  the  mother. 

Resuscitation  by  compressing  the  heart. — Böhm  found  that  in  the  case  of  cats  poisoned  with 
potash  salts  or  chloroform,  or  asphyxiated,  so  as  to  arrest  respiration  and  the  action  of  the 
heart, — even  for  a  period  of  forty  minutes, — and  even  when  the  pressure  within  the  carotid  had 
fallen  to  zero,  he  could  restore  animation  by  i^hyth^nical  compression  of  the  heart,  combined  with 
artificial  respiration.  The  compression  of  the  heart  causes  a  slight  movement  of  the  blood, 
while  it  acts  at  the  same  time  as  a  rhythmical  cardiac  stimulus.  After  recovery  of  the  respira- 
tion, the  reflex  excitability  and  gradually  also  voluntary  movements  are  restored.  The  animals 
are  lalind  for  several  days,  the  brain  acts  slowly,  and  the  urine  contains  sugar.  These  experi- 
ments show  how  important  it  is  in  cases  of  asphyxia  to  act  at  the  same  time  upon  the  heart. 
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For  physiological  purposes,  artificial  respiration  is  often  made  use  of,  especially  after 
poisonincr  with  curare.  Air  is  forced  into  the  lungs  by  means  of  an  elastic  bag  or  bellows, 
attached  to  a  cannula  tied  in  the  trachea.  The  cannula  has  a  small  cpenmg  m  the  side  ol  it  to 
allow  the  expired  air  to  escape.  ■,  n    -^i    •       •   •  -n 

Pathological.— After  the  lungs  have  once  been  properly  distended  with  air,  it  is  impossible 
by  any  amount  of  direct  compression  of  them  to  get  rid  of  all  the  air.  This  is  probably  due  to 
the  pressure  acting  on  the  small  bronchi,  so  as  to  squeeze  them,  before  the  air  can  be  forced  out 
of  the  air-vesicles.  If,  however,  a  lung  be  filled  with  CO,,  and  be  suspended  m  water,  the  OOg 
is  absorbed  by  the  water,  and  the  lungs  become  quite  free  from  air  and  are  atelectatic  {Hermann 
and  Keller).  The  atelectasis,  which  sometimes  occurs  in  the  lung,  may  thus  be  explained  :— It 
a  bronchus  is  stopped  with  mucus  or  exudation,  CO.,  accumulates  in  the  air-vesicles  belonging 
to  this  broncluis!  If  the  CO.,  is  absorbed  by  the  blood  or  lymph,  the  corresponding  area 
of  the  lung  will  become  atelectatic.  Sometimes  there  is  spasm  of  the  respiratory  muscles,  brongtit 
about  by  direct  or  reflex  stimulation  of  the  respiratory  centre. 

135  RESPIRATION  OF  FOREIGN  GASES.— No  gas  without  a  sufficient 
admixture  of  O  can  support  life.  Even  with  completely  innocuous  and  mdifferent 
gases,  if  no  0  be  mixed  with  them,  they  cause  suffocation  in  2  to  3  minutes. 

I.  Completely  indifferent  Gases  are  N,  H,  CH4.  The  living  blood  of  an  animal  breathing 
these  gases  yields  no  0  to  them  {Pflüger). 

II  Poisonous  Gases.— 0-displacing  Gases.— («)  Those  that  displace  0,  and  form  a  stable  com- 
pound with  the  h^emoglobin-d)  CO  (§§  16  and  17).  (2)  CNH  (hydrocyanic  acid)  displaces  (  ) 
O  from  hemoglobin,  forming  a  more  stable  compound,  and  kills  exceedingly  rapidly.  Blood- 
corpuscles  charged  with  hydrocyanic  acid  lose  the  property  of  decomposing  hydric  peroxide 
into  water  and  O  (§  17,  5).  1    •      •        a.  •  •  .1 

{b)  Narcotic  Gases.— (1)  CO.,.— V.  Pettenkofer  characterises  atmospheric  air  containing  1 
per  cent.  CO,  as  "bad  air";  still,  ah  in  a  room  containing  this  amount  of  COo  produces  a 
disagreeable  feeling,  rather  from  the  impurities  mixed  with  it  than  from  the  actual  amount  ot 
CO,  itself.  Ah  containing  1  per  cent.  CO.,  produces  decided  discomfort,  and  ^ith  10  per  cent, 
it  endangers  life,  while  larger  amounts  cause  death,  with  symptoms  of  coma.  (2)  JN^U  (nitrous 
oxide),  respired,  mixed  with  I  volume  0,  causes,  after  1  to  2  minutes  a  short  temporary  stage 
of  excitement  ("Laughing  gas"  of  H.  Davy),  which  is  succeeded  by  uiiconscious_ness  and 
afterwards  by  an  increased  excretion  of  CO^.    (3)  Ozonised  air  causes  sinadar  efiects  {Bmz). 

(c)  Reducing  Gases.- (1)  H,S  (sulphuretted  hydrogen)  rapidly  robs  blood-corpuscles  ol  O-b 
and  H.O  being  formed-and  death  occurs  rapidly  before  the  gas  can  decompose  the  haemoglobin 
to  form  a  sulphur-methfemoglobiii  compound.  (2)  PH3  (phosphuretted  hydrogen)  is  oxidised 
in  the  blood  to  form  phosphoric  acid  and  water,  with  decomposition  of  the  hfiemogiobim 

(3)  AsHg  (arseniuretted  hydrogen)  and  SbHg  (antimoniuretted  hydrogen)  act  like  FH3,  but 
the  hEemoglobin  passes  out  of  the  stroma  and  appears  in  the  urine. 

(4)  C.N.,  (cyanogen)  absorbs  0,  and  decomposes  the  blood. 

III  Irrespirable  gases,  i.e.,  gases  which,  on  entering  the  larynx,  cause  reflex  spasm  of  the 
glottis.  When  introduced  into  the  trachea,  they  cause  inflammation  and  death  Under  this 
category  come  hydrochloric,  hydrofluoric,  sulphurous,  nitrous,  and  nitric  acids,  ammonia, 
chlorine,  fluorine,  and  ozone. 

136.  ACCIDENTAL  IMPURITIES  OF  THE  AIR.— Amongst  these  are  dust- 
particles,  which  occur  in  enormous  amount  suspended  in  the  air,  and  thereby  act 
injuriously  upon  the  respiratory  organs.  The  ciliated  epithelium  of  the  respiratory 
passages  eliminates  a  large  number  of  them.  Some  of  them,  however,  reach  the  air- 
vesicles  of  the  lung,  where  they  penetrate  the  epithelium,  reach  the  mterstitial 
lung-tissue  and  lymphatics,  and  so  pass  with  the  lymph-stream  into  the  bronchial 
glands.  Particles  of  coal  or  charcoal  are  found  in  the  lungs  of  all  elderly  individuals, 
and  blacken  the  alveoli.  In  moderate  amount,  these  black  particles  do  not  seem 
to  do  any  harm  in  the  tissues,  but  when  there  are  large  accumulations  they  give 
rise  to  lung-aflfections,  which  lead  to  disintegration  of  these  organs.  [In  coal-mmers 
for  example,  the  lung-tissues  along  the  track  of  the  lymphatics  and  m  the  bronchial 
glands  are  quite  black,  constituting  "  coal-miners'  lung."]  The  lymphatics  of  the 
mediastinal  pleura  can  only  take  up  such  pigment  as  reaches  them  from  the  pleural 
cavities  (Fleiner).  In  many  trades  various  particles  occur  m  the  air;  miners, 
grinders,  stone-masons,  file-makers,  weavers,  spinners,  tobacco  manufacturers 
millers,  and  bakers  suffer  from  lung  affections  caused  by  the  introduction  ot 
particles  of  various  kinds  inhaled  during  the  time  they  are  at  work. 
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Germs  and  Micro-organisms. — There  seems  no  doubt  that  the  seeds  of  some 
contagious  diseases  may  be  inhaled.  Diphtheritic  bacteria  (BaciUus  diphtlieriae) 
become  localised  in  the  pharynx  and  in  the  larynx — glanders  in  the  nose — measles 
in  the  bronchi — whooping-cough  in  the  bronchi — hay-monads  in  the  nose — the 
Bacillus  pneumonisB  of  pneumonia  in  the  pulmonary  alveoli.  Tuberculosis,  accord- 
ing to  R.  Koch,  is  due  to  the  introduction  and  development  of  the  Bacillus 
tuberculosis  in  the  lungs,  the  bacillus  being  derived  from  the  dust  of  tuberculous 
sputa.  The  same  seems  to  be  the  case  with  the  Bacillus  of  leprosy  and  with 
Bacillus  malarise,  which  is  the  cause  of  malaria.  The  latter  organism,  Plasmodium 
malarise,  is  endowed  with  amoeboid  movements,  and  thus  passes  from  the  respiratory 
organs  into  the  blood,  and  changes  the  Hb  within  the  red  blood-corpuscles  into 
melanin  (§  10,  3),  and  causes  them  to  break  up  {Marchiafava  and  Celli).  The 
Micrococcus  vaccinae  of  small-pox  gains  access  to  the  blood  in  the  same  way,  also 
the  Spirillum  of  remittent  fever  (fig,  32),  the  microbe  of  scarlet  fever,  &c. 

Seeds  of  disease  passing  into  the  mouth  along  with  air,  and  also  with  the  food, 
are  swallowed,  and  undergo  development  in  the  intestinal  tract,  as  is  probably  the 
case  in  cholera  (Comma  bacillus  of  E.  Koch),  dysentery,  typhoid,  and  anthrax,  the 
last  of  which  is  due  to  Bacterium  anthracis. 

137.  VENTILATION  OF  ROOMS.— Fresh  air  is  as  necessary  for  the  healthy 
as  for  the  sick.  Every  healthy  person  ought  to  have  a  cubic  space  of  at  the  very 
least  800  cubic  feet,  and  every  sick  person  at  the  very  least  1000  cubic  feet  of  space. 
[The  cubic  space  allowed  per  individual  varies  greatly,  but  1000  cubic  feet  is  a 
fair  average.  If  the  air  in  this  space  is  to  be  kept  sweet,  so  that  the  CO2  does  not 
exceed  '06  per  cent.,  3000  cubic  feet  of  air  per  hour  must  be  supplied,  i.e.,  the  air 
in  the  space  must  be  renewed  three  times  per  hour.] 

[Floor-Space.— It  is  equally  important  to  secure  sufficient  floor-space,  and  this  is  especially 
the  case  in  hospitals.  If  possible,  100-120  square  feet  of  floor-space  ought  to  be  provided  for 
each  patient  in  a  hospital-ward,  and  if  it  is  obtainable  a  cubic  space  of  1500  cubic  feet  {Parkes). 
In  all  cases  the  minimum  floor-space  should  not  be  less  than  yV  of  the  cubic  space.] 

Overcrowding. — When  there  is  overcrowding  in  a  room,  the  amount  of  CO.^  increases.  V. 
Pettenkofer  found  the  normal  amount  of  CO2(-04to  -05  per  1000)  increased  in  comfortable 
rooms  to  0-54-0-7  per  1000;  in  badly  ventilated  sick-chambers- 2-4  ;  in  overcrowded  audi- 
toriums, 3-2  ;  in  pits  =  4-9  ;  in  schoolrooms,  7-2  per  1000.  Although  it  is  not  the  quantity  of 
CO.^  which  makes  the  air  of  an  overcrowded  room  injurious,  but  the  excretions  from  the  outer 
and  inner  surfaces  of  the  body,  which  give  a  distinct  odour  to  the  air,  qirite  recognisable  by  the 
sense  of  smell,  still  the  amount  of  CO2  is  taken  as  an  index  of  the  presence  and  amount  of  these 
other  deleterious  substances.  Whether  or  not  the  ventilation  of  a  room  or  ward  occupied  by 
persons  is  sufficient,  is  ascertained  by  estimating  the  amount  of  CO.j.  A  room  which  does  not 
give  a  disagreeable,  somewhat  stuffy,  odour  has  less  than  07  per  1000  of  CO^,  while  the  ventila- 
tion is  certainly  insufficient  if  the  C02  =  l  per  1000.  As  the  air  contains  only  O'OOOS  cubic 
metre  CO2  in  1  cubic  metre  of  air,  and  as  an  adult  produces  hourly  0-0226  cubic  rnetre  COg, 
calculation  shows  that  every  person  requires  113  cubic  metres  of  fresh  air  per  hour,  if  the  COg 
is  not  to  exceed  0-7  per  1000  :  for  07  :  1000  =  (0  "0226 -fa?  x  0-0005)  :  x,  i.e.,  a;  =  113. 

[Vitiating  Products.— In  a  state  of  repose,  an  adult  man  gives  off  from  12  to  16  cubic  feet  of 
CO.2  in  twenty-four  hours,  or  on  an  average  -6  cubic  feet  per  hour.  To  this  must  be  added  a 
certain  quantity  of  organic  matter,  which  is  extremely  deleterious  to  health.  While  the  CO.2 
difi'uses  readily  and  is  easily  disposed  of  by  opening  the  windows,  this  is  not  the  case  with  the 
organic  matter,  which  adheres  to  clothing,  curtains,  and  furniture  ;  hence  to  get  rid  of  it,  a 
room,  and  especially  a  sleeping  apartment,  requires  to  be  well  aired  for  a  long  time,  together 
with  the  free  admission  of  sunlight.  We  must  also  remember  that  an  adult  gives  off  from  25 
to  40  oz.  of  water  by  the  skin  and  lungs.  The  nature  of  the  organic  matters  is  not  precisely 
known,  but  some  of  it  is  particulate,  consisting  of  epithelium,  fatty  matters,  and  organic 
vapours  from  the  lungs  and  mouth.  It  blackens  sulphuric  acid,  and  decolourises  a  weak  solu- 
tion of  potassic  permanganate.  As  a  test,  if  we  expire  through  distilled  water,  and  this  water 
be  set  aside  for  some  time  in  a  warm  place,  it  will  soon  become  foetid.  We  must  also  take  into 
consideration  the  products  of  combustion  ;  thus  1  cubic  foot  of  coal-gas,  when  burned,  destroys 
all  the  0  in  8  cubic  feet  of  air  {Parkes).'] 

Methods. — In  ordinary  rooms,  where  every  person  is  allowed  the  necessary  cubic  space  (1000 
cubic  feet),  the  air  is  sufficiently  renewed  by  means  of  the  pores  in  the  walls  of  the  room,  by  the 
opening  and  shutting  of  doors,  and  by  the  fireplace,  provided  the  damper  is  kept  open.    It  is 
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most  important  to  notice  that  the  natural  ventilation  be  not  interfered  with  by  dampness  of  the 
walls,  for  this  influences  the  pores  very  greatly.  At  the  same  time,  damp  walls  are  injurious  to 
health  by  conducting  away  heat,  and  in  them  the  germs  of  infectious  diseases  may  develop. 

[Natural  Ventilation. —By  this  term  is  meant  the  ventilation  brought  about  by  the  ordinary 
forces  acting  in  nature  ;  such  as  difl'usion  of  gases,  the  action  of  winds,  and  the  movements 
excited  owing  to  the  different  densities  of  air  at  unequal  temperatures.] 

[Artificial  Ventilation.— Various  methods  are  in  use  for  ventilating  public  buildings  and 
dwelling-houses.  Two  principles  are  adopted  for  the  former,  viz.,  extraction  and  propulsion  of 
air.  In  the  former  method,  the  air  is  sucked  out  of  the  rooms  by  a  fan  or  other  apparatus, 
while  in  the  latter,  air  is  forced  into  the  rooms,  the  air  being  previously  heated  to  the  necessary 
temperature.]  .  .       .  . 

[Tobin's  Tubes,  placed  in  the  walls,  furnish  a  very  convenient  method  of  introducing  air  into 
a  room.  The  air  enters  through  these  tubes  from  the  outside  near  the  floor,  and  is  carried  up 
six  or  more  feet,  to  an  opening  in  the  wall ;  the  cool  air  thus  descends  slowly.  For  a  sitting- 
room,  a  convenient  plan  of  window  ventilation  is  H.  Bird's  Method : —Raise  the  lower  sash  and 
idace  under  it,  so  as  to  fill  up  the  opening,  a  piece  of  wood  3  or  4  inches  high.  Air  will  then 
pass  in,  in  nn  upward  direction,  between  the  upper  part  of  the  lower  sash-frame  and  the  lower 
part  of  the  upper  one.] 

138.  FORMATION"  OF  MUCUS,  SPUTUM.— The  respiratory  mucous  mem- 
brane is  covered  normally  with  a  thin  layer  of  mucus  (fig.  147,  a).  It  so  far 
inhibits  the  formation  of  ncAV  mucus  by  protecting  the  mucous  glands  from  the 
action  of  cold  or  other  irritative  agents.  New  mucus  is  secreted  as  that  already 
formed  is  removed.  An  increased  secretion  accompanies  congestion  of  the  respira- 
tory mucous  membrane  [or  any  local  irritation].  Division  of  the  nerves  on  one 
side  of  the  trachea  (cat)  causes  redness  of  the  tracheal  mucous  membrane  and 
increased  secretion  (Bossbach),  [but  the  two  processes  do  not  stand  in  the  relation 
of  cause  and  effect].  The  secretion  cannot  be  excited  by  stimulating  the  nerves 
going  to  the  mucous  membrane.  [This  merely  causes  anaemia  of  the  mucous 
membrane,  Avhile  the  secretion  continues.] 

Modifying  Conditions. — If  ice  be  placed  on  the  belly  of  an  animal  so  as  to  cause  the  animal 
"  to  take  a  cold,"  the  respiratory  mucous  membrane  first  becomes  pale,  and  afterwards  there  is 
a  copious  mucous  secretion,  the  membrane  becoming  deeply  congested.  The  injection  of  sodium 
carbonate  and  ammonium  chloride  into  the  blood  limits  the  secretion.  The  local  application 
of  alum,  silver  nitrate,  or  tannic  acid,  makes  the  mucous  membrane  turbid,  and  the  epithelium 
is  shed.  The  secretion  is  excited  by  apomorphin,  emetin,  pilocarpin,  and  ipecacuanha  when 
given  internally,  while  it  is  limited  by  atropin  and  morphia  {Eossbach). 

[Expectorants  favour  the  removal  of  the  secretions  from  the  air-passages.  This  they  may  do 
either  by  {a)  altering  the  character  and  qualities  of  the  secretion  itself,  or  {b)  by  affecting  the 
expulsive  mechanism.  Some  of  the  drugs  already  mentioned  are  examples  of  the  first  class. 
The  second  class  act  chiefly  by  influencing  the  respiratory  centre,  e.g.,  ipecacuanha,  strychnia, 
ammonia,  senega  ;  emetics  also  act  energetically  as  expectorants,  as  in  some  cases  of  chronic 
bronchitis  ;  warmth  and  moisture  in  the  air  are  also  powerful  adjuncts.] 

Sputum.— Under  normal  circumstances,  some  mucus — mixed  with  a  little  saliva — 
may  be  coughed  up  from  the  back  of  the  throat.  In  catarrhal  conditions  of  the 
respiratory  mucous  membrane,  the  sputum  is  greatly  increased  in  amount,  and  is 
often  mixed  with  other  characteristic  products.  Microscopically,  sputum  con- 
tains— 

1.  Epithelial  Cells,  chiefly  squames  from  the  mouth  and  pharynx  (fig.  171), 
more  rarely  alveolar  epithelium  and  ciliated  epithelium  (7)  from  the  respiratory 
passages.  They  are  often  altered  owing  to  maceration  or  other  changes.  Thus 
some  cells  may  have  lost  their  cilia  (6). 

The  epithelium  of  the  alveoli  (2)  is  squamous  epithelium,  the  cells  being  two  to  four  times 
the  breadth  of  a  colourless  blood-corpuscle.  These  cells  occur  chiefly  in  the  morning  sputum 
in  individuals  over  30  years  of  age.  In  younger  persons  their  presence  indicates  a  pathological 
condition  of  the  pulmonary  parenchyma. 

They  often  undergo  fatty  degeneration,  and  they  may  contain  pigment-granules  (3)  ;  or  they 
may  present  the  appearance  of  what  Buhl  has  called  myelin  degenerated  cells,"  i.e.,  cells  filled 
with  clear  refractive  drops  of  various  sizes,  some  colourless,  others  with  coloured  particles,  the  latter 
having  been  absorbed  (4).    Mucin  in  the  form  of  myehn  drops  (5)  is  always  present  in  sputum. 
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2.  Lymphoid  cells  (9)  are  colourless  blood-corpuscles  which  have  wandered  out 
of  the  blood-vessels  ;  they  are  most  numerous  in  yellow  sputum,  and  less  numerous 
in  the  clear  mucus-like  excretion.  The  lymph-cells  often  present  alterations  in 
their  characters ;  they  may  be  shrivelled  up,  fatty,  or  present  a  granular  appear- 
ance. 

The  fluid  substance  of  the  sputum  contains  much  mucus,  arising  from  the 
mucous  glands  and  goblet  cells,  together  with  nuclein,  and  lecithin,  and  the  con- 
stituents of  saliva,  according  to  the  amount  of  the  latter  mixed  with  the  secretion. 
Albumin  occurs  only  during  the  inflammation  of  the  respiratory  passages,  and  its 
amount  increases  with  the  degree  of  inflammation.  Urea  has  been  found  in  cases 
of  nephritis. 

In  cases  of  catarrh,  the  sputum  is  at  first  usually  sticky  and  clear  (sputa  cruda),but  later  it 
becomes  more  firm  and  yellow  (sputa  cocta).    Under  pathological  conditions,  there  may  be  found 


Fig.  171. 

Various  objects  found  in  sputum.  1,  detritus  and  particles  of  dust  ;  2,  alveolar  epithelium 
with  pigment;  3,  fatty  and  pigmented  alveolar  epithelium  ;  4,  alveolar  epitheliuni  with 
myelin-forms  ;  5,  free  myelin-forms  ;  6,  7,  ciliated  epithelium,  some  without  cilia  ;  8, 
squamous  epithelium  from  the  mouth  ;  9,  leucocytes  ;  10,  elastic  fibres  ;  11  fibrin-cast  of  a 
small  bronchus  ;  12,  leptothrix  buccalis  with  cocci,  bacteria,  and  spirochaetaj  ;  a,  fatty 
acid  crystals  and  free  fatty  granules  ;  h,  hsematoidin  ;  c,  Charcot's  crystals ;  d,  Cholesterin. 

in  the  sputum — {a)  red  blood-corpuscles  from  rupture  of  a  blood-vessel.  (&)  Elastic  fibres  (10) 
from  disintegration  of  the  alveoli  of  the  lung  ;  usually  the  bundles  are  fine,  curved,  and  the 
fibres  branched.  [In  certain  cases  it  is  well  to  add  a  solution  of  caustic  potash,  which  dissolves 
most  of  the  other  elements,  leaving  the  elastic  fibres  untouched.]  Their  presence  always 
indicates  destruction  of  the  lung  tissue,  (c)  Colourless  plugs  of  fibrin  (11),  casts  of  the  smaller 
or  larger  bronchi,  occur  in  some  cases  of  fibrinous  exudation  into  the  finer  air-passages. 
{d)  Crystals  of  various  kinds— crystals  of  fatty  acids  in  bundles  of  fine  needles  (fig.  I7l,  a).  They 
indicate  great  decomposition  of  the  stagnant  secretion.  Lencin  and  tyrosin  crystals  are  rare 
(§  269).  Tyrosin  occurs  in  considerable  amount  when. an  old  abscess  breaks  into  the  lungs. 
Colourless,  sharp-pointed,  octagonal  or  rhombic  plates— Charcot's  crystals  (c)— have  been  found 
in  the  expectoration  in  asthma,  and  exudative  afi"ections  of  the  bronchi.  Hsematoidin  (&)  and 
Cholesterin  crystals  {d)  occur  much  more  rarely. 

Fungi  and  other  lowly  organisms  are  taken  in  during  inspiration  (§  136).  The  threads  of 
Leptothrix  buccalis  (12),  detached  from  the  teeth,  are  frequently  found  (§  147).    Mycelium  and 
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spores  are  found  in  thrush  (Oidinm  albicans),  especially  in  the  mouths  of  sucking  infants.  In 
malodorous  expectoration  rod-shaped  bacteria  are  present.  In  pulmonary  gangrene  are  found 
monads,  and  cercomonads  ;  in  pulmonary  phthisis  the  tubercle  bacillus  ;  very  rarely  sarcina, 
which,  however,  is  often  found  in  gastric  catarrh  in  the  stomach  and  also  in  the  urine  (§  270). 

Physical  Characters. — Sputum,  with  reference  to  its  physical  characters,  is  decribed  as 
mucous,  muco -purulent,  or  'purulent. 

Abnormal  coloration  of  the  sputum— red  from  blood  ;  when  the  blood  remains  long  in  the 
lung  it  undergoes  a  regular  series  of  changes,  and  tinges  the  sputum  dark-red,  bluish-brown, 
brownish-yellow,  a  prune-juice  tint,  deep  yellow,  yellowish-green,  or  grass-green.  The  sputum 
is  sometimes  yellow  in  jaundice.  The  sputum  may  be  tinged  by  what  is  inspired  [as  in  the  case 
of  the  "  black-spit"  of  miners]. 

The  odour  of  the  sputum  is  more  or  less  unpleasant.  It  becomes  very  disagreeable  when  it 
has  remained  long  in  pathological  lung-cavities,  and  it  is  stinking  in  gangrene  of  the  lung. 

139.  ACTION  OF  THE  ATMOSPHERIC  PRESSURE.— At  the  normal 
pressure  of  the  atmosphere  (height  of  the  barometer,  760  millimetres  Hg),  pressure 
is  exerted  upon  the  entire  surface  of  the  body  =  15,000  to  20,000  kilos.,  according 
to  the  extent  of  the  superficial  area.  This  pressure  acts  equally  on  all  sides  upon 
the  body,  and  also  occurs  in  all  internal  cavities  containing  air.,  both  those  that  are 
constantly  filled  with  air  (the  respiratory  passages  and  the  spaces  in  the  superior 
maxillary,  frontal,  and  ethmoid  bones),  and  those  that  are  temporarily  in  direct 
communication  with  the  outer  air  (the  digestive  tract  and  tympanum).  As  the 
fluids  of  the  body  (blood,  lymph,  secretions,  parenchymatous  juices)  are  practically 
incompressible,  their  volume  remains  unchanged  under  the  pressure ;  but  they 
absorb  gases  from  the  air  corresponding  to  the  prevailing  pressure  {i.e.,  the  partial 
pressure  of  the  individual  gases),  and  according  to  their  temperature  (§  33).  The 
solids  consist  of  elementary  parts  (cells  and  fibres),  each  of  which  presents  only  a 
microscopic  surface  to  the  pressure,  so  that  for  each  cell  the  prevailing  pressure 
of  the  air  can  only  be  calculated  at  a  few  milHmetres — a  pressure  under  which 
the  most  delicate  histological  tissues  undergo  development.  As  an  example  of 
the  action  of  the  pressure  of  the  atmospheric  pressure  upon  large  masses,  take 
that  brought  about  by  the  adhesion  of  the  smooth,  sticky,  moist,  articular  surfaces 
of  the  shoulder  and  hip-joints  ;  the  arm  and  the  leg  are  supported  without 
the  action  of  muscles.  The  thigh-bone  remains  in  its  socket  after  section  of 
all  the  muscles  and  its  capsule.  Even  when  the  cotyloid  cavity  is  perforated, 
the  head  of  the  femur  does  not  fall  out  of  its  socket.  The  ordinary  barometric 
variations  affect  the  respiration — a  rise  of  the  barometric  pressure  excites, 
while  a  fall  diminishes  the  respirations.  The  absolute  amount  of  COg  remains 
the  same  (§  126,  8). 

Great  diminution  of  the  atmospheric  pressure,  such  as  occurs  in  balloonmg 
(highest  ascent,  8600  metres),  or  in  ascending  mountains,  causes  a  series  of 
characteristic  phenomena: — (1)  In  consequence  of  the  diminution  of  the  pressure 
upon  the  parts  directly  in  contact  with  the  air,  they  become  greatly  congested, 
hence  there  is  redness  and  sweUing  of  the  skin  and  free  mucous  membranes ;  there 
may  be  hsemorrhage  from  the  nose,  lungs,  gums  ;  turgidity  of  the  cutaneous 
veins  ;  copious  secretion  of  sweat;  great  secretion  of  mucus.  (2)  A  feeling  of 
weight  in  the  Hmbs,  a  pressing  outwards  of  the  tympanic  membrane  (until  the 
tension  is  equilibrated  by  opening  the  Eustachian  tube),  and  as  a  consequence 
noises  in  the  ears  and  difficulty  of  hearing.  (3)  In  consequence  of  the  diminished 
tension  of  0  in  the  air  (§  128),  there  is  difficulty  of  breathing,  pain  in  the  chest, 
whereby  the  respirations  (and  pulse)  become  more  rapid,  deeper,  and  irregular. 
When  the  atmospheric  pressure  is  diminished  the  amount  of  0  in  the  blood 
is  diminished,  the  COg  is  imperfectly  removed  from  the  blood,  and  in  consequence 
there  is  diminished  oxidation  within  the  body.  When  the  atmospheric  pressure 
is  diminished  to  one-half,  the  amount  of  COg  in  arterial  blood  is  lessened  ;  and 
the  amount  of  N  diminishes  proportionally  with  the  decrease  of  the  atmospheric 
pressure.    The  diminished  tension  of  the  air  prevents  the  vibrations  of  the  vocal 
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cords  from  occurring  so  forcibly,  and  hence  the  voice  is  feeble.  (5)  In  conse- 
quence of  the  amount  of  blood  in  the  skin,  the  internal  organs  are  relatively 
anaemic  ;  hence,  there  is  diminished  secretion  of  urine,  muscular  weakness,  disturb- 
ances of  digestion,  dulness  of  the  senses,  and  it  may  be  unconsciousness,  and  all 
these  phenomena  are  intensified  by  the  conditions  mentioned  under  (3).  Some  of 
these  phenomena  are  modified  by  usage.  The  highest  limit  at  which  a  man  may 
still  retain  his  senses  is  placed  by  Tissandier  at  an  elevation  of  8000  metres  (280 
mm.  Hg).  In  dogs  the  blood-pressure  falls,  and  the  pulse  becomes  small  and 
diminished  in  frequency,  when  the  atmospheric  pressure  falls  to  200  mm.  Hg. 

Those  who  live  upon  high  mountains  suffer  from  a  disease, ' '  mal  de  montagne, "  which  consists 
essentially  in  the  above  symptoms,  although  it  is  sometimes  complicated  with  anaemia  of  the 
internal  organs.  Al.  v.  Humboldt  found  that  in  those  who  lived  on  the  Andes  the  thorax  was 
capacious.  At  6000  to  8000  feet  above  sea-level,  water  contains  only  one-third  of  the  absorbed 
gases,  so  that  fishes  cannot  live  in  it .  Animals  maybe  subjected  to  a  further  diminution  of  the 
atmospheric  pressure  by  being  placed  under  the  receiver  of  an  air-pump.  Birds  die  when  the 
pressure  is  reduced  to  120  mm.  Hg  ;  mammals  at  40  mm.  Hg  ;  frogs  endure  repeated  evacua- 
tions of  the  receiver,  whereby  they  are  much  distended,  owing  to  the  escape  of  gases  and  water, 
but  after  the  entrance  of  air  they  become  greatly  compressed.  The  cause  of  death  in  mammals 
is  ascribed  by  Hoppe-Seyler  to  the  evolution  of  bubbles  of  gas  in  the  blood;  these  bubbles  stop 
up  the  capillaries,  and  the  circulation  is  arrested.  Local  diminution  of  the  atmospheric  pressure 
causes  marked  congestion  and  swelling  of  the  part,  as  occurs  when  a  cupping-glass  is  used. 

Great  increase  of  the  atmospheric  pressure  causes  phenomena,  for  the  most 
part,  the  reverse  of  the  foregoing,  as  in  pneumatic  cabinets  and  in  diving-bells, 
where  men  may  work  even  under  4|-  atmospheres  pressure.  (1)  Paleness  and 
dryness  of  the  external  surfaces,  collapse  of  the  cutaneous  veins,  diminution  of 
perspiration,  and  mucous  secretions.  (2)  The  tympanic  membrane  is  pressed 
inwards  (until  the  air  escapes  through  the  Eustachian  tube,  after  causing  a  sharp 
sound),  acute  sounds  are  heard,  pain  in  the  ears,  and  difficulty  of  hearing.  (3)  A 
feeling  of  lightness  and  freshness  during  respiration,  the  respiration  becomes 
slower  (by  2-4  per  minute),  inspiration  easier  and  shorter,  expiration  lengthened, 
the  pause  distinct.  The  capacity  of  the  lungs  increases,  owing  to  the  freer 
movement  of  the  diaphragm,  in  consequence  of  the  diminution  of  the  intestinal 
gases.  Owing  to  the  more  rapid  oxidations  in  the  body,  muscular  movement  is 
easier  and  more  active.  The  0  absorbed  and  the  CO2  excreted  are  increased.  The 
venous  blood  is  reddened.  (4)  Difficulty  of  speaking,  alteration  of  the  tone  of  the 
voice,  inability  to  whistle.  (5)  Increase  of  the  urinary  secretion,  more  muscular 
energy,  more  rapid  metabolism,  increased  appetite,  subjective  feeling  of  warmth, 
pulse  beats  slower,  and  pulse-curve  is  lower  (compare  §  74).  In  animals  subjected 
to  excessively  high  atmospheric  pressure,  P.  Bert  found  that  the  arterial  blood 
contained  30  vols,  per  cent.  0  (at  760  mm.  Hg);  when  the  amount  rose  to  35  vols, 
per  cent.,  death  occurred  with  convulsions.  Compressed  air  has  been  used  for 
therapeutical  purposes,  but  in  doing  so  a  too  rapid  increase  of  the  pressure  is  to 
be  avoided.  Waldenburg  has  constructed  such  an  apparatus,  which  may  be  used 
for  the  respiration  of  air  under  a  greater  or  less  pressure. 

Frogs,  when  placed  in  compressed  0  (at  14  atmospheres)  exhibit  the  same  phenomena  as  if 
they  were  in  a  vacuum,  or  pure  N.  There  is  paralysis  of  the  central  nervous  system,  sometimes 
preceded  by  convulsions.  The  heart  ceases  to  beat  (not  the  lymph  hearts),  while  the  excita- 
bility of  the  motor  nerves  is  lost  at  the  same  time,  and  lastly  the  direct  muscular  excitability 
disappears.  An  excised  frog's',  heart  placed  in  0  under  a  very  high  pressure  (13  atmospheres) 
scarcely  beats  one-fourth  of  the  time  during  which  it  pulsates  in  air.  If  the  heart  be  exposed 
to  the  air  again  it  begins  to  beat  so  that  compressed  0  renders  the  vitality  of  the  heart  latent 
before  abolishing  it. 

Phosphorus  retains  its  luminosity  under  a  high  pressure  in  0,  but  this  is  not  the  case  with 
the  luminous  organisms,  e.g.,  Lampyris,  and  luminous  bacteria.  High  atmospheric  pressure  is 
also  injurious  to  plants. 

140.  COMPARATIVE  AND  HISTORICAL.— Mammals  have  lungs  similar  to  those  of  man. 
The  lungs  of  birds  are  spongy,  and  united  to  the  chest-wall,  while  there  are  openings  on  their 
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surface  communicating  with  thin-walled  "air-sacs,"  which  are  placed  amongst  the  viscera. 
The  air-sacs  communicate  with  cavities  in  the  bones,  which  give  the  latter  great  lightness.  The 
diaphragm  is  absent.  In  reptiles  the  lungs  are  divided  into  greater  and  smaller  compartments  ; 
in  snakes  one  lung  is  abortive,  while  the  other  has  the  elongated  form  of  the  body.  The  amphi- 
bians (frog)  possess  two  simple  lungs,  each  of  which  represents  an  enormous  infundibulum  with 
its  alveoli.  The  frog  pumps  air  into  its  lungs  by  the  contraction  of  its  throat,  the  nostrils  being 
closed  and  the  glottis  opened.  When  young— until  their  metamorphosis— frogs  breathe  like 
fishes  by  means  of  gills.  The  perennibranchiate  amphibians  (Proteus)  retain  their  gills  through- 
out life.  Amongst  fishes  which  breathe  by  gills  and  use  the  0  absorbed  by  the  water,  the 
Dipnoi  have  in  addition  to  gills  a  swim-bladder  provided  with  afferent  and  efferent  vessels, 
which  is  comparable  to  the  lung.  The  Cobitis  respires  also  with  its  intestine.  Insects  and 
centipedes  respire  by  "tracheae,"  which  are  branched  canals  distributed  throughout  the  body  ; 
they  open  on  the  surface  of  the  body  by  openings  (stigmata)  which  can  be  closed.  Spiders 
respire  by  means  of  trachete  and  tracheal  sacs,  crabs  by  gills.  The  molluscs  and  cephalopods 
have  gills  ;  some  gasteropods  have  gills  and  others  lungs.  Amongst  the  lower  invertebrata  some 
hreathe  by  gills,  others  by  means  of  a  special  "  water-vascular  system,"  and  others  again  by  no 
special  organs. 

Historical.— Aristotle  (384  b.c.)  regarded  the  object  of  respiration  to  be  the  cooling  of  the 
body,  so  as  to  moderate  the  internal  warmth.  He  observed  correctly  that  the  warmest  animals 
breathe  most  actively,  but  in  interpreting  the  fact  he  reversed  the  cause  and  effect.  Galen 
(131-203  A.D.)  thought  that  the  "soot"  was  removed  from  the  body  along  with  the  expired 
water.  The  most  important  experiments  on  the  mechanics  of  respiration  date  from  Galen  ;  he 
observed  that  the  lungs  passively  follow  the  movements  of  the  chest  ;  that  the  diaphragm  is  the 
most  important  muscle  of  inspiration  ;  that  the  external  intercostals  are  inspiratory  ;  and  the 
internal,  expiratory.  He  divided  the  intercostal  nerves  and  muscles,  and  observed  that  loss  of 
voice  occurred.  On  dividing  the  spinal  cord  higher  and  higher,  he  found  that  as  he  did  so  the 
muscles  of  the  thorax  lying  higher  up  became  paralysed.  Oribasius  (360  A.D.)  observed  that  in 
double  pneumothorax  both  lungs  collapsed.  Vesalius  (1540)  first  described  artificial  respiration 
as  a  means  of  restoring  the  beat  of  the  heart.  Malpighi  (1661)  described  the  structure  of  the 
lungs.  J.  A.  Borelli(t  1679)  gave  the  first  fundamental  description  of  the  mechanism  of  the 
respiratory  movements.  The  chemical  processes  of  respiration  could  only  be  known  after  the 
discovery  of  the  individual  gases  therein  concerned.  Van  Helmont  (t  1644)  detected  COg. 
[Joseph  Black  (1757)  discovered  that  COg,  or  "fixed  air,  "jis  given  out  during  expiration.]  In 
1774  Priestley  discovered  0.  Lavoisier  detected  N  (1775),  and  ascertained  the  composition  of 
atmospheric  air,  and  he  regarded  the  formation  of  COg  and  HgO  of  the  breath  as  a  result  of  a 
combustion  within  the  lungs  themselves.  J.  Ingen-Houss  (1730-1799)  discovered  the  respiration 
of  plants.  Vogel  and  others  proved  the  existence  of  COg  in  venous  blood,  and  Hoffmann  and 
others  that  of  0  in  arterial  blood.  The  more  complete  conception  of  the  exchange  of  gases  was, 
however,  only  possible  after  Magnus  had  extracted  and  analysed  the  gases  of  arterial  and  venous 
blood  (§  36). 


Physiology  of  Digestion. 


[The  substances  which  are  used  as  food — the  food-stuffs  or  alimentary 
principles  belong  to  several  different  groups  and  may  be  conveniently  classified 
as — 

1.  Proteids  or  albuminous  bodies, 

2.  Carbohydrates. 

3.  Fats. 

4.  Mineral  or  saline  bodies,  and  water. 

Some  of  these  bodies  are  insoluble  in  water,  and  others  do  not  readily  pass 
through  animal  membranes  in  their  unaltered  condition.  As  the  food  is  carried 
along  the  alimentary  canal  it  is  subjected  to  the  action  of  certain  juices  which  are 
formed  by  the  secretory  activity  of  the  cells  lining  the  alimentary  canal  or  by  the 
glands  which  open  into  it.  These  juices  (saliva,  gastric  juice,  pancreatic  juice,  bile, 
and  the  secretions  of  the  small  and  large  intestine)  are  formed  in  glands  (fig.  172), 
are  poured  out  into  the  canal,  and  act  on  the  food-stuffs  by  dissolving  some  of  them, 
and  rendering  others  more  or  less  soluble  and  diffusible.  The  digested  products 
pass  into  the  blood,  either  directly  into  the  rootlets  of  the  portal  vein  or  indirectly 
by  the  lacteals.  The  small  undigested  part  of  the  food  is  discharged  in  the  fseces. 
The  digested  products  thus  finally  reach  the  blood,  so  that  in  this  way  new 
matter  is  brought  within  the  reach  of  the  tissues.  Stated  broadly,  then,  the 
process  of  digestion  consists  in  rendering  food-stuffs  soluble  and  diffusible,  so  that 
they  can  pass  into  the  blood.] 

141.  THE  MOUTH  AND  ITS  GLANDS.— The  mucous  membrane  of  the  cavity 
of  the  mouth,  which  becomes  continuous  with  the  skin  at  the  red  margin  of  the 
lips,  has  a  number  of  sebaceous  glands  in  the  region  of  the  red  part  of  the  lip. 
The  buccal  mucous  membrane  consists  of  bundles  of  fine  fibrous  tissue  mixed  with 
elastic  fibres,  which  traverse  it  in  every  direction.  Papillae — simple  or  compound 
— occur  near  the  free  surfaces.  The  sub-mucous  tissue,  which  is  directly  con- 
tinuous with  the  fibrous  tissue  of  the  mucous  membrane  itself,  is  thickest  where 
the  mucous  membrane  is  thickest,  and  densest  where  it  is  firmly  fixed  to  the 
periosteum  of  the  bone  and  to  the  gum ;  it  is  thinnest  where  the  mucous  membrane 
is  most  movable,  and  where  there  are  most  folds.  The  cavity  of  the  mouth  is 
lined  by  stratified  squamous  epithelium,  which  is  thickest,  as  a  rule,  where  the 
longest  papillae  occur.  [The  mouth  is  formed  by  an  involution  of  the  external 
skin,  and  its  epithelium  is  of  epiblastic  origin.] 

All  the  glands  of  the  mouth,  including  the  salivary  glands,  may  be  divided  into 
different  classes  according  to  the  nature  of  their  secretions. 

1.  The  serous  or  albuminous  glands  [true  salivary],  whose  secretion  contains 
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<Salivary  Gland 


a  certain  amount  of  albumin,  e.g.,  the  human  parotid.  [The  parotid  of  the  cat,  dog, 
rabbit,  sub-maxillary  of  the  rabbit  and  guinea-pig.] 

2.  The  mucous  glands,  whose  secretion,  in  addition  to  some  albumin,  contams 
the  characteristic  constituent  mucin.  [Sub-lingual  of  the  rabbit,  cat,  dog,  and  sub- 
maxillary of  the  dog  and  cat.] 

3.  The  mixed  [or  muco-salivary]  glands,  some  of  the  acini  secreting  an  albumin 

ous  fluid  and  others  mucin, 
e.g..,  the  sub-maxillary  and 
sub-lingual  of  man  and  ape. 

Numerous  mucous  glands 
(labial,  buccal,  palatine,  lin- 
gual, molar)  have  the  appear- 
ance of  small  macroscopic 
bodies  lying  in  the  sub- 
mucosa.  They  are  branched 
tubular  glands,  and  the  con- 
tents of  their  secretory  cells 
consist  partly  of  mucin,  which 
is  expelled  from  them  during 
secretion.  The  excretory 
ducts  of  these  glands,  which 
are  lined  by  cylindrical  epithe- 
lium, are  constricted  where 
they  enter  the  mouth.  Not 
unfrequently  one  duct  re- 
ceives the  secretion  of  a 
neighbouring  gland. 

The  glands  of  the  tongue 
form  two  groups,  which  differ 
morphologically  and  physio- 
logically. (1)  The  mucous 
glands  (Weber's  glands), 
occurring  chiefly  near  the 
root  of  the  tongue,  are  bran- 
ched tubular  glands  lined 
with  clear  transparent  secre- 
tory cells  whose  nuclei  are 
placed  near  the  attached  end 
of  the  cells.  The  acini  have 
a  distinct  membrana  pro- 
pria.  (2)  The  serous  glands 


Vermiform  Appendix. 


Fig.  172. 

General  scheme  of  the  digestive  tract,  with  the  chief  glands 
(^opening  into  it;  together  with  the  lacteals  arising  from 

the  intestine  and  joining  the  thoracic  duet. 
(Ebner's)  are  acinous  glands  occurring  in  the  region  of  the  ^  circumvallate  papillae 
(and  in  animals  near  the  papiUjß  foliatse).  They  are  lined  with  turbid  granular 
epithelium  with  a  central  nucleus,  and  secrete  saUva.  (3)  The  glands  ot  Bianam 
and  Nuhn  are  placed  near  the  tip  of  the  tongue,  and  consist  of  mucous  and  serous 
acini,  so  that  they  are  mixed  glands  {Podioisotzky). 

The  blood-vessels  are  moderately  abundant,  and  the  larger  trunks  he  in  the  sub-mucosa 
whilst  the  finer  twigs  penetrate  into  the  papihse,  where  they  form  either  a  capillary  network  oi 

'™lJe%^rrTr  lymphatics  lie  in  the  sub-mucosa,  whilst  the  finer  branches  form  a  ßne  network 
placed  in  the  mucosa.  The  lymph-foUicles  also  belong  to  the  lymphatic  system  197;.  un 
the  dorsum  of  the  posterior  part  of  the  tongue  they  form  an  almost  continuous  layer.  IheJ  ai-e 
round  or  oval  (1-1-5  mm.  in  diameter),  lying  in  the  sub-mucosa,  and  consist  of  adenoid  tissue 
loaded  with  lymph-corpuscles.  The  outer  part  of  the  adenoid  reticulum  is  compressed  so  as  to 
form  a  kind  of  capsule  for  each  foflicle.    Similar  follicles  occur  m  the  intestine  as  solitary 
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Fig.  173. 

Section  of  a  mucous  follicle  from  the  tongue. 


follicles  ;  in  the  small  intestine  they  are  collected  together  into  Peyer's  patches,  and  in  the 
spleen  they  occur  as  Malpighian  corpuscles.  On  the  dorsum  of  the  tongue  several  of  these 
follicles  form  a  slightly  oval  elevation,  which  is  surrounded  by  connective-tissue.  In  the 
centre  of  this  elevation  there  is  a  depression,  into  which  a  mucous  "gland  opens,  Avhich  fills  the 
small  crater  with  mucus  (fig.  173). 

The  tonsils  have  fundamentally  the  same  structure.  On  their  surface  are  a 
number  of  depressions  into  which  the  ducts  of  small  mucous  glands  open.  These 
depressions  are  surrounded  by  groups 

(10-20)  of  lymph-follicles,  and  the  kAAAA  Y  ^  Epithelium, 

whole  is  environed  by  a  caj)sule  of  con- 
nective-tissue (fig.  174).  Large  lymph- 
spaces,  communicating  with  lymph- 
atics, occur  in  the  neighbourhood  of  the 
tonsils,  but  as  yet  a  direct  connection 
between  the  spaces  in  the  follicles  and 
the  lymph-vessels  has  not  been  proved 
to  exist.  Similar  structures  occur  in 
the  tubal  and  pharyngeal  tonsils.  [An 
enormous  number  of  leucocytes  wander 
out  of  the  tonsils,  solitary  and  Peyer's 
glands,  and  the  adenoid  tissue  of  the 
bronchial  mucous  membrane  (fig.  174). 
The  cells  pass  out  between  the  epithe- 
lial cells,  but  do  not  pass  into  the  in- 
terior of  the  latter  [Stuhr). ^ 

[Development  of  the  Tonsil. — The  development  of  the  palatal  tonsil  is  most  easily  studied 
in  the  rabbit,  where  the  single  primary  crypt  generally  remains  without  branches  through  life, 
and  there  the  tonsil  first  appears  in  embryos  -f  of  an  inch  long  (occipito-sacral  measurement),  or 
of  about  12  days,  as  a  shallow  _ 
epithelial  fold  whose  apex 
points  directly  backwards  in- 
to the  cormective-tissue  con- 
centrically condensed  round 
the  pharynx.  At  this  stage 
there  is  no  infiltration  of 
leucocytes  in  the  connective- 
tissue  round  the  crypt,  and 
it  is  not  until  the  embryos 
are  about  21  days  old  (ly% 
inches  long),  that  the  leu- 
cocyte infiltration  becomes 
evident.  The  crypt  has  then 
become  much  deeper  and 
broader,  and  by  its  ingrowth 
has  ])roduced  a  condensation 
of  the  connective-tissues  at 
right  angles  to  the  original  fj 
peripharyngeal  condensation 
as  well  as  a  great  increase 
in  the  number  of  capillary 
blood  -  vessels.  From  this 
stage  the  elongation  of  the 
crypt,  the  condensation  of 
the  connective  -  tissue,  the 
increase  in  the  number  of 
blood-vessels,  and  in  the 
amount  of  leucocyte  infiltra- 
tion go  on  pari  passu,  until 
the  adult  condition  is  reached 


Epithelium. 


^  Tunica 


propria. 


Fig.  174. 

Vertical  "section  of  a  human  tonsil,  x  20.  1,  cavity ;  2,  epithelium 
infiltrated  with  leucocytes  beloAV  and  on  the  left,  but  free  on  the 
right ;  3,  adenoid  tissue  with  sections  /j,  /a,  f^,  of  masses  of  it ; 
4,  fibrous  sheath  ;  5,  section  of  a  gland-duct ;  d,  blood-vessel. 

.    As  soon  as  the  leucocytes  appear  in  number  in  the  submucous 
tissue  tliey  proceed  to  wander  through  the  epithelium  as  Stöhr  has  described. 

In  the  foetus  of  the  pig  the  condensation  of  the  connective-tissue,  especially  at  the  apex  of 
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the  tonsillar  crypts,  and  the  consequent  massing  of  leucocytes,  mainly  at  these  points,  is  par- 
ticularly well  shown.  .  J  X.    x-u        1         -fi  ^• 

In  the  human  fetus  the  process  is  the  same,  though  complicated  by  the  early  ramilication 
of  the  original  epithelial  crypt,  and  the  appearance  of  fresh  ones.  The  crypts  become  so  deep 
that  the  "cells  from  the  surface  layers  of  their  epithelium  cannot  at  oncebe  thiwn  otf  into 
the  mouth,  and  remain  as  a  concentrically  arranged  mass  of  degenerated  cornified  cells  filling 
up  the  lumen  of  the  crypt  ;  this  mass  is  ultimately  forced  out  by  the  visatergo  of  the  leucocytes 
emicrratinff  through  the  epithelium.  (It  will  at  oncebe  seen  how  closely  this  resembles  the 
formation'of  the  concentdc  corpuscles  of  the  thymus.  The  tonsils  are  preserved  from  the  fate 
of  the  epithelial  thymus  by  retaining  their  lumen.) 

The  prime  factor  in  the  formation  of  the  tonsils  is  the  epithelial  ingrowth,  which  partly 
mechanically  compresses  the  meshes  of  the  connective-tissue,  and  partly  causes  prohferation  of 
the  connective  cells  and  vessels  by  the  slight  irritation  it  produces,  thereby  making  it  easier 
for  the  leucocytes  to  escape  from  the  thin-walled  capillaries  and  veno-capillaries  so  formed, 
and  when  they  have  escaped,  causing  them  to  be  detained  in  the  finely-meshed  connective- 
tissue  longer  than  in  other  situations.  As  the  leucocytes  are  well  supplied  with  nutriment, 
they  divide  by  mitosis  here  in  large  numbers,  as  Flemming  and  his  pupils  first  showed,  and  at  a 
late  stage  in  development  (with  great  variations  in  individuals)  "germ-centres"  are  formed, 
where  a  special  arrangement  of  connective-tissue  and  vessels  favours  this  process  of  division. 

The  lingual  and  pharyngeal  tonsils  develop  in  the  same  way  as  the  palatal.  His  shows  that 
all  the  tonsils  arise  behind  the  membrana  pharyngis,  and  consequently,  all  these  epithelial 
ingrowths   pass  into  connective-tissue  already  condensed  round  the  primitive  ahmentary 

canal  {G.  L.  GuUand).]  .     .        ,  •  .  ^-u 

Nerves.— Numerous  medullated  nerve-fibres  occur  in  the  sub-mucosa,  pass  into  the  mucosa, 
and  terminate  partly  in  the  individual  papillai  in  Krause's  end-bulbs,  which  are  most  abundant 
in  the  lips  and  soft  palate,  and  not  so  numerous  in  the  cheeks  and  floor  of  the  mouth.  _  The 
nerves  administer  not  only  to  common  sensation,  but  they  are  also  the  organs  of  transmission 
for  tactile  (heat  and  pressure)  impressions.  It  is  highly  probable,  however,  that  some  nerve- 
fibres  end  in  fine  terminal  fibrils,  betw^een  the  epithelial  cells,  as  in  the  cornea  and  elsewhere. 

[Secretory  glands  may  be  simple  or  compound.  In  the  latter  case  the  duct  is 
branched.    In  the  course  of  development,  a  solid  process  of  the  epithelium  sinks 


Tubular  glands. 


Alveolar  glands. 


Simple  glandt 


Compound  gland. 


Alveoli. 
Simple  glands. 

Fig.  175. 


Compound  gland. 


Scheme  of  diff'erent  forms  of  gland  ;  a,  duct, 
into  the  subjacent  fibrous  tissue,  and,  to  form  a  simple  gland,  a  cavity  appears 
in  this  bud,  but  for  a  compound  gland,  other  epithehal  buds  sprout  from  its 
blind  end.    Each  bud  acquires  a  central  cavity  ;  these  elongate  and  increase  m 
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number,  thus  forming  a  much-branched  system,  the  terminal  bHnd  ends  forming 
the  acini,  alveoli,  or  true  secretory  part.  If  the  alveoh  are  tubular  in  shape,  the 
gland  is  called  a  compound  tubular  gland.  Thus  in  the  compound  glands  some 
parts  are  secretory,  and  others  act  as  ducts,  while  in  the  simple  glands  all  the 
parts  may  be  secretory.  All  the  glands  opening  on  the  surface  of  the  body  are  of 
epiblastic  origin.  The  secretory  cells  lining  the  acini  rest  on  a  basement  membrane, 
and  outside  this  are  the  lymph-spaces  and  capillary  blood-vessels.] 

[Flemming  has  recently  proposed  a  new  classification  of  glands.  Glands  are  developed  from 
the  epithelium  of  mucous  membranes,  and  that  of  the  skin.  They  are  therefore  hollow  inflec- 
tions of  the  surface  epithelium  into  the  subjacent  connective-tissue,  and  may  be  either  cylind- 
rical tubes— tubuli— or  with  dilatations  or  sacculations,  alveoli— so  that  two  chief  kinds  are 
distinguished — tubular  and  alveolar  glands  (fig,  175). 

I,  Tubular  glands  occur  either  singly,  or  arranged  in  groups,  so  that  they  are  divided  into — 

1.  Simple  tubular  glands,  which  are  either  simple  or  branched  tubes  leading  to  a  duct 
(fig.  175).    The  latter  form  has  been  called  a  "duct-system." 

2.  Compound  tubular  glands,  composed  of  a  number  of  "duct-systems"  (fig.  175). 
II.  Alveolar  glands  are  similarly  classified. 

1.  Simple  alveolar  glands,  with  either  a  simple  or  branched  dilatation  or  saccule  communi- 
cating with  a  duct ;  the  latter  is  called  an  "  alveolar  system." 

2.  Compound  alveolar  glands,  which  consist  of  several  alveolar  systems. 

Unhranched  simple  tubular-  glands  are  :  Lieberkuhn's  glands,  sweat-glands,  and  the  glands  of 
the  fundus  of  the  stomach. 

Branched  tubular  simple  glands  are  :  the  pyloric,  Brunner's,  the  smallest  mucous  and  serous 
glands  of  the  mouth,  and  the  uterine  glands. 

Compound  tubular  glands  are  :  the  larger  mucous,  and  salivary  and  lachrymal  glands.  Also 
the  kidneys,  Cowper's  glands,  prostatic  glands,  thyroid  (at  an  early  stage),  liver,  and  testis. 
The  branches  of  the  latter  two  glands  anastomose  and  form  a  network  ;  hence  the  liver  and 
testis  have  been  called  "reticular  glands," 

Unbranched  simple  alveolar  glands  are  :  the  smallest  sebaceous  glands  and  the  ovarian 
follicles. 

Branched  alveolar  simple  glands  are  :  the  larger  sebaceous  glands  and  the  Meibomian  glands. 
Compound  alveolar  glands  are  :  the  mammary  glands  and  the  lungs  {Flemming  and  Stöhr).} 


142.  THE  SALIVARY  GLANDS.— There  are  three  pairs  of  salivary  glands, 
sub-maxillary,  sub-lingual,  and  parotid.     [The  sub-maxillary  gland  lies  under 


Fig.  176. 

A,  duct  and  acini  of  the  parotid  gland  of  a  dog  ;  B,  acini  of  the  sub-maxillary  gland  of  a  dog  ; 
c,  refractive  mucous  cells  ;  d,  granular  half-moons  of  Gianuzzi ;  C,  similar  alveoli  after 
prolonged  secretion  ;  D,  basket-shaped  tissue  investment  of  an  acinus  ;  F,  entrance  of  a 
non-medullated  nerve-fibre  into  a  secretory  cell. 

the  horizontal  ramus  of  the  lower  jaw,  and  its  duct  (50  mm.  long) — the  duct  of 
Wharton— opens  in  the  floor  of  the  mouth  at  the  side  of  the  frsenum  of  the  tongue. 

16 
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The  parotid,  the  largest  of  the  glands,  lies  close  to  the  auricle,  and  its  duct— the 
duct  of  Steno — passes  over  the  masseter  muscle,  perforates  the  buccinator  muscle 
obliquely,  and  opens  into  the  mouth  opposite  the  second  upper  molar  tooth.  The 
sub-lingual  gland  is  the  smallest  of  the  three,  lies  beneath  the  tongue,  and  has  a 
number  of  small  ducts  (10-20)— the  ducts  of  Rivini— some  of  which  open 
separately,  but  one  larger  one — the  duct  of  Bartholin— unites  with  Wharton's  duct. 
All  these  glands  are  compound  tul)ular  glands.]  [Each  gland  consists  of  a 
number  of  lobes,  and  each  lobe  in  turn  of  a  number  of  lobules,  which,  again,  are 
composed  of  acini.  All  these  are  held  together  by  a 
framework  of  connective-tissue.  The  larger  branches  of 
the  duct  lie  between  the  lobules,  and  constitute  the 
interlobular  ducts,  giving  branches  to  each  lobule  which 
they  enter,  constituting  the  intralobular  ducts,  which 
branch  and  finally  terminate  in  connection  with  the 
alveoli,  by  means  of  an  intermediary  or  intercalary 
part  or  ductule.  The  larger  interlobar  and  interlobular 
ducts  consist  of  a  membrana  propria,  strengthened  outside 
with  fibrous  and  elastic  tissue,  and  in  some  places  also 
by  non-striped  muscle,  while  the  ducts  are  lined  by 
columnar  epithelial  cells.  In  the  largest  branches  there 
is  a  second  row  of  smaller  cells,  lying  between  the  large  cells  and  the  membrana 
propria.  The  intralobular  ducts  are  lined  by  a  single  layer  of  large  cyhndrical 
epithelium  with  the  nucleus  about  the  middle  of  the  cell,  while  the  outer  half  of 
the  cell  is  finely  striated  longitudinally,  or  ''rodded,"  which  is  due  to  fibrillee 


Fig.  177. 
Rodded  epithelium  lining 
the  duct  of  a  salivary 
gland. 


Fig.  178. 

Section  of  the  sub-maxillary  gland  of  the  dog  stained  with  picro-carmine  ;  D,  duct. 

(fig.  177) ;  the  inner  half  next  the  lumen  is  granular.    The  intermediary  part 

is  narrow,  and  is  lined  by  a  single  layer  of  flattened  cells,  each  with  an  elongated 
oval  nucleus.  There  is  usually  a  narrow  "neck,"  where  the  intralobular  duct 
becomes  continuous  with  the  intermediary  part,  and  here  the  cells  are  polyhedral.] 
The  terminal  acini,  or  alveoli,  are  the  parts  where  the  actual  process  of  secre- 
tion takes  place.  Fig.  176,  A,  shows  several  ducts  terminating  in  acini.  The 
acini  vary  somewhat  in  shape—  some  are  tubular,  others  branched,  some  are  dilated 
and  resemble  a  Florence  flask,  and  several  of  them  usually  open  into  one  inter- 
mediary part  of  a  duct.    Each  alveolus  is  bounded  by  a  basement  membrane,  with 


Sec.  142.] 


STRUCTURE  OF  MUCOUS  GLANDS. 


Fig.  179. 

Section  of  retro-lingual  gland  of  dog — a  mixed 
gland — stained  with  picro-carmine.  M,  mixed 
acinus  ;  S,  serous  acinus  ;  D,  duct. 


a  reticulate  structure  made  up  of  nucleated,  branched,  and  anastomosing  cells  so  as 
to  resemble  a  basket  (D).  There  is  a  homogeneous  membrane  bounding  the  alveoli 
in  addition  to  this  basket-shaped  structure.  Immediately  outside  this  membrane 
is  a  lymph-space,  and  outside  this  again  the  network  of  capillaries  is  distributed. 
[The  extent  to  Avhich  this  lymph-space  is  filled  with  lymph  determines  the  distance 
of  the  capillaries  from  the  membrana 
propria.  The  interalveolar  lymph- 
spaces  communicate  with  large  lymph- 
spaces  between  the  lobules,  which  in 
turn  communicate  with  perivascular 
lymphatics  around  the  arteries  and 
veins.  ]  The  lymphatics  emerge  from 
the  gland  at  the  hilum. 

The  secretory  cells  vary  in 
structure,  according  as  the  salivary 
gland  is  a  mucous  [sub-maxillary 
and  sub-lingual  of  the  dog  and  cat], 
a  serous  [parotid  of  man  and  mam- 
mals, and  sub-maxillary  of  rabbit], 
or  a  mixed  gland  [human  sub-max- 
illary and  sub-lingual]. 

Mucous  Acini. — ^The  secretory  cells 
of  mucous  glands,  and  the  mucous 
acini  of  mixed  glands  (figs.  178,  179) 
are  lined  by  a  single  layer  of  "mucin 
cells"  (fig.  176,  B,  c),  which  are  large  cells  distended  with  mucin,  or  with  a  hypo- 
thetical substance,  mucigen,  which  yields  mucin.    The  mucin  cells  are  more  or 
less  spheroidal  in  shajje,  clear,  shining, 
highly  refractive,  and  nearly  fill  the 
acinus.    The  flattened  nucleus  is  near 
the  wall  of  the  acinus.    Each  cell  has 
a  fine  process  which  overlaps  the  fixed 
parts  of  the  cells  next  to  it.    Owing  to 
the  body  of  each  cell  being  infiltrated 
with  mucin,  these  cells  do  not  stain 
with  carmine,  although  the  nucleus  and 
its  immediately  investing  protoplasm 
do.    Another  kind  of  cell  occurs  in  the 
sub-maxillary  gland  of  the  dog.  It 
forms  a  half-moon-shaped  structure  lying 
in  direct  contact  with  the  wall  of  the 
acinus  (Gianuzzi).    Each  "demilune" 
"half-moon,"  or  "crescent"  consists 
of  a  number  of  small  closely  packed, 
angular,  highly  albuminous  cells  with 
small  oval  nuclei,  which,  however,  are 
separated  only  with  difficulty.  Hence, 
Heidenhain  has  called  them  "composite 
marginal  cells  "  (B,  d).   They  are  gran- 
ular, darker,  devoid  of  mucin,  and  stain 
readily  with  pigments.     [In  the  sub- 
maxillary gland  of  the  cat,  there  is  a  complete  layer  of  these  "  marginal "  carmine- 
staining  cells  lying  between  the  mucous  cells  and  the  membrana  propria.] 

[Serous  Acini. — In  true  serous  glands  (parotid  of  man  and  mammals)  and  in  the 


Fig.  180. 

Section  of  a  human  sub-maxillary  gland.  On 
the  left  is  a  group  of  serous  alveoli,  and  on 
the  right  a  group  of  mucous  alveoli. 
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serous  acini  of  mixed  glands,  the  acini  are  lined  by  a  single  layer  of  secretory 
columnar  finely-granular  cells,  which  in  the  quiescent  condition  completely  fill  tha 
acinus,  so  that  scarcely  any  lumen  is  left  (fig.  176,  C).  Just  before  secretion, 
or  when  these  cells  are  quiescent,  Langiey  has  shown  that  they  are  large  and 
filled  with  numerous  granules,  which  obscure  the  presence  of  the  nucleus.  As 
secretion  takes  place,  these  granules  seem  to  be  used  up  or  discharged  into  the 
lumen ;  at  least,  the  outer  part  of  each  cell  gradually  becomes  clear  and  more 
transparent,  and  this  condition  spreads  towards  the  inner  part  of  the  cell.] 

[In  the  mixed  or  muco-salivary  glands  (e.g.,  human  sub-maxillary)  some  of 
the  alveoh  are  mucous  and  others  serous  in  their  characters,  but  the  latter  are 
always  far  more  numerous,  and  the  one  kind  of  acinus  is  directly  continuous  with 
the  other  kind  (fig.  180).] 

143.  HISTOLOGICAL  CHANGES  DURING  THE  ACTIVITY  OF  THE 
SALIVARY  GLANDS.— [The  condition  of  physiological  activity  of  the  gland- 
cells  is  accompanied  by  changes  in  the  histological  characters  of  the  secretory  cells. 
Changes  in  serous  glands  have  been  carefully  studied  in  the  parotid  of  the  rabbit, 
but  the  appearances  vary  somewhat,  according  as  the  glands  are  examined  in  the 
fresh  condition  or  after  hardening  in  various  reagents,  such  as  absolute  alcohol. 
When  the  gland  is  at  rest,  or  in  the  "resting  phase,"  sometimes  also  called  the 
"loaded"  or  " charged "  condition,  in  a  preparation  hardened  in  alcohol,  aud 
stained  with  carmine,  the  cells  consist  of  a  pale,  almost  uncoloured  substance,  with 
a  few  fine  granules,  and  a  small  irregular,  red-stained,  shrivelled  nucleus  devoid  of 
a  nucleolus.  The  appearance  of  the  nucleus  suggests  the  idea  of  its  being 
shrivelled  by  the  action  of  the  hardening  reagent  (fig.  181,  A).] 


Fig.  181,  A.  Fig.  181,  B. 

Sections  of  a  "serous  "  gland,  stained  witli  carmine.    The  parotid  of  a  rabbit,  fig.  181,  A,  at 
rest  ;  fig.  181,  B,  after  stimulation  of  tlie  cervical  sympathetic. 

[During  activity,  or  in  the  "active  phase,"  if  the  gland  be  caused  to  secrete 
by  stimulating  the  sympathetic,  all  parts  of  the  cells  undergo  a  change  (fig.  181, 
A,  B).  In  preparations  hardened  in  alcohol— (1)  the  cells  diminish  somewhat  in 
size ;  (2)  the  nuclei  are  no  longer  irregular,  but  round,  with  a  sharp  contour  and 
nucleoH ;  (3)  the  substance  of  the  cell  itself  is  turbid  owing  to  the  diminution 
of  the  clear  substance,  and  the  increase  of  the  granules,  especially  near  the 
nuclei ;  (4)  at  the  same  time,  the  whole  cell  stains  more  deeply  with  carmine 
(Heidenhain).] 

[On  studying  the  changes  which  occur  in  a  living  serous  gland,  Langiey  found 
that  the  substance  of  the  cells  of  the  parotid  is  pervaded  by  fine  granules,  which 
are  so  numerous  as  to  obscure  the  nucleus,  while  the  outlines  of  the  cells  are  indis- 
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tinct.  No  lumen  is  visible  in  the  acini,  during  activity  the  granules  disappear 
from  the  outer  zone  of  the  cells,  the  cells  themselves  becoming  smaller  and  more 
distinct.  After  prolonged  secretion,  the  granules  largely  disappear  from  the  cell- 
substance  except  quite  near  the  inner  margin.  The  cells  are  smaller,  then-  outhnes 
more  distinct,  their  spherical  nuclei  apparent,  and  the  lumen  of  the  acini  is  wide 
and  distinct.  Thus,  it  is  evident  that,  during  rest,  granules  are  manufactured, 
which  disappear  during  the  activity  of  the  cells,  the  disappearance  taking  place 
from  without  inwards.  Similar  changes  occur  in  the  cells  of  the  pancreas  (§  168).] 
[More  complex  changes  occur  in  the  mucous  glands,  such  as  the  sub-maxillary 
or  orbital  glands  of  the  dog  {Lavdovslaj).  The  appearances  vary  according  to  the 
intensity  and  duration  of  the  secretory  activity.  The  mucous  cells  at  rest  are 
large,  clear,  and  refractive,  containing  a  flattened  nucleus  (fig.  176,  C),  surrounded 
with  a  small  amount  of  protoplasm,  and  placed  near  the  basement  membrane. 
The  clear  substance  does  not  stain  Avith  carmine,  and  consists  of  mucigen  lying  m 
the  wide  spaces  of  an  intracellular  plexus  of  fibrils.  After  prolonged  secretion, 
produced,  it  may  be,  by  strong  and  continued  stimulation  of  thö  «horda,  the 
mucous  cells  of  the  sub-maxillary  gland  of  the  dog  undergo  a  great  change.  In 
such  a  condition  the  cells  are  spoken  of  as  "unloaded"  or  "discharged."]  The 
distended,  refractive,  and  "  mucous  cells,"  which  occur  in  the  quiescent  gland, 
and  which  do  not  stain  with  carmine,  appear  quite  different  after  the  gland  has  iDcen 
in  a  state  of  activity.  They  are  represented  by  small  dark  protoplasmic  cells  devoid 
of  mucin  (fig.  176,  C).  These  cells  readily  stain  with  carmine,  whilst  their  nucleus 
is  scarcely,  if  at  all,  coloured  by  the  dye.  The  researches  of  K.  Heidenhain 
(1868)  have  shed  much  light  on  the  secretory  activity  of  these  glands. 

[During  rest,  the  protoplasm  seems  to  manufacture  mucigen,  which  is  changed 
into  and  discharged  as  mucin  in  the  secretion,  when  the  gland  is  actively  secreting. 
Thus,  the  cells  become  smaller,  but  the  protoplasm  of  the  cell  seems  to  increase, 
new  mucigen  is  manufactured  during  rest,  and  the  cycle  is  repeated.] 

The  change  may  be  produced  in  two  ways.  Either  it  is  due  to  the  "mucous  cells''  during 
secretion  becoming  broken  up,  so  that  they  yield  their  mucin  directly  to  the  saliva  ;  m  saliva 
rich  in  mucin,  small  microscopic  pieces  of  mucin  are  found,  and  sometimes  mucous  cells  them- 
selves are  present.  Or,  we  must  assume  that  the  mucous  cells  simply  eliminate  the  mucin  from 
their  bodies  {Ewald,  Stöhr)  ;  while  after  a  period  of  rest,  new  mucin  is  formed.  According  to 
this  view,  the  dark  granular  cells  of  the  glands,  after  active  secretion,  are  snnply  mucous  cells, 
which  have  given  out  their  mucin.  If  we  assume,  Avith  Heidenhain,  that  the  mucous  cells 
break  up,  then  these  granular  non-mucous  cells  must  be  regarded  as  new  formations  produced 
by  the  proliferation  and  growth  of  the  composite  marginal  cells,  i.e.,  the  crescents,  or  halt- 
moons  of  Gianuzzi. 

144.  THE  NERVES  OF  THE  SALIVARY  GLANDS.— The  nerves  are  for  the 
most  part  meduUated,  and  enter  at  the  hilum  of  the  gland,  Avhere  they  form  a 
rich  plexus  provided  with  ganglia  between  the  lobules.  [There  are  no  ganglia  in 
the  parotid  gland  {Klein).'] 

All  the  salivary  glands  are  supplied  by  branches  from  tAvo  different  nerves — from 
the  sympathetic  and  from  a  cranial  nerve. 

1.  The  sympathetic  nerve  gives  branches  («)  to  the  sub-maxillary  and  the  sub- 
lingual glands,  derived  from  the  plexus  on  the  external  maxillary  artery  ;  (b)  to 
the  parotid  gland  from  the  carotid  plexus  (fig.  182).  [These  nerve-fibres  reach  the 
gland  along  the  arteries  of  the  gland,  and  are  for  the  most  part  non-medullated 
nerve-fibres.  They  can  be  traced  to  the  superior  cervical  ganglion  and  from 
thence  through  the  cervical  sympathetic  into  the  cord.] 

2.  The  facial  nerve  gives  branches  to  the  sub-maxillary  and  sub-lingual  glands 
from  the  chorda  tympani,  Avhich  accompanies  the  lingual  branch  of  the  fifth  nerve 
(fig.  182).  [The  chorda  consists  of  fine  meduUated  fibres,  but  as  they  enter  the 
gland  the  fibres  become  non-medullated.]  The  branches  to  the  parotid  arise 
from  the  tympanic  branch  of  the  glosso-pharyngeal  nerve  (dog).    The  tympanic 
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plexus  sends  fibres  to  the  small  superficial  petrosal  nerve,  and  with  it  these  fibres 
run  to  the  anterior  surface  of  the  pyramid  in  the  temporal  bone,  emerging  from 
the  skull  through  a  fissure  between,  the  petrous  and  great  wing  of  the  sphenoid, 
and  then  joining  the  otic  ganglion.  This  ganglion  sends  branches  to  the  auriculo- 
temporal nerve  (itself  derived  from  the  third  branch  of  the  trigeminus),  which,  as 
it  passes  upwards  to  the  temporal  region  under  cover  of  the  parotid,  gives  branches 
to  this  gland. 

The  sub-maxillary  ganglion,  which  gives  branches  to  the  sub-maxillary  and 


Scheme  of  the  nerves  of  the  salivary  glands.    P.,  pons  ;  M.O.,  medulla  oblongata  ;  J.N.,  nerve 
of  Jacobson;  0.,  S.M.,  LM.,  ophthalmic,  superior,  and  inferior  maxillary  divisioiis  of  fifth 
nerve,  V.  ;  VIL,  seventh  nerve  ;  S.s.p.,  small  superficial  petrosal  nerve  ;  Vag.,  vagus  ; 
Syra.,  sympathetic  ;  O.G.,  otic,  and  S.G. ,  sub-maxillarj' ganglia  ;  P.,  S.,  and  S."L. ,  parotid, 
-  sub -maxillary,  and  sub-lingual  glands  ;  T.,  tongue. 

sub-lingual  glands,  receives  fibres  from  the  tymj^anico-lingual  nerve  (chorda 
tympani)  as  well  as  sympathetic  fibres  from  the  plexus  on  the  external  maxillary 
artery. 

Termination  of  the  Nerve-Fibres. — With  regard  to  the  ultimate  distribution  of 
these  nerves  ^YG  can  distinguish  (1)  the  vaso-motor  nerves,  which  give  branches 
to  the  walls  of  the  blood-vessels,  and  (2)  the  secretory  nerves  proper. 

Pflüger  states,  with  regard  to  the  latter,  that  (a)  medullated  nerve-fibres  penetrate  the  acini ; 
the  sheath- of  Schwann  unites  with  the  membrana  propria  of  the  acinus;  the  medullated  fibre 
— still  medullated— passes  between  the  secretory  cells,  where  it  divides  and  becomes  non- 
medullated,  and  its  axial  cylinder  terminates  in  connection  with  the  nucleus  of  a  secretory  cell. 
[This,  however,  is  not  proved]  (fig.  178,  F).  (6)  According  to  Pflüger,  some  of  the  nerve-fibres 
end  in  multipolar  ganglion  cells,  which  lie  outside  the  wall  of  the  acinus,  and  these  cells  send 
branches  to  the  secretory  cells  of  the  acini.  [These  cells  probably  correspond  to  the  branched 
cells  of  the  basket-shaped  structure.]  (c)  Again,  he  describes  medullated  fibres  which  enter  the 
attached  end  of  the  cylindrical  epithelium  lining  the  excretory  ducts  of  the  glands  (E).  Pflüger 
thinks  that  those  fibres  entering  the  acini  directly  are  cerebral,  while  those  with  ganglia  in 
their  course  are  derived  from  the  sympathetic  system,  [{d)  The  direct  termination  of  nerve- 
fibres  has  been  observed  iu  the  salivary  glands  of  the  cockroach  by  Kupff'er.] 

145.  ACTION  OF  THE  NERVOUS  SYSTEM  ON  THE  SECRETION  Of 
SALIVA.— A.    Sub-maxillary  Gland.— Stimulation  of  the  facial  nerve  at  its 

origin  causes  a  profuse  secretion  of  a  thin  watery  saliva,  which  contains  a  very 
small  amount  of  specific  constituents.  Simultaneously  with  the  act  of  secretion, 
the  blood-vessels  of  the  glands  dilate,  and  the  capillaries  are  so  distended  that  the 
pulsatile  movement  in  the  arteries  is  propagated  into  the  veins.  [Owing  to 
the  dilatation  of  the  arterioles  the  pulse-wave  is  propagated  through  the  capil- 
laries into  the  veins,  so  that  there  is  a  venous  pulse,  the  hlood  flowing  from  the 
veins  in  jets,  p.  135.]    Nearly  four  times  as  much  blood  flows  out  of  the  veins,  the 
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blood  being  of  a  bright  red  colour,  and  containing  one-third  more  0  than  the 
venous  blood  of  the  non-stimulated  gland.  Notwithstanding  this  relatively  high 
percentage  of  0,  the  secreting  gland  uses  more  0  than  the  passive  gland     131  1). 

ri.  Stimulation  of  Chorda  Tympani.— If  a  cannula  be  placed  m  Wharton  s  duct, 
erg  in  a  dog,  and  the  chorda  tympani  be  divided,  no  secretion  flows  from  the 
cannula.  On  stimulating  the  peripheral  end  of  the  chorda  tympani  with  an  inter- 
rupted current  of  electricity,  the  same  results— copious  secretion  of  saliva  and 
vascular  dilatation,  with  increased  flow  of  blood  through  the  gland— occur  as 
when  the  origin  of  the  seventh  nerve  itself  is  stimulated.— The  watery  saliva  is 
called  chorda  saliva.  Thus  two  effects  are  produced  simultaneously,  viz.,  vascular 
dilatation  and' secretion  of  saliva.  As  a  matter  of  fact,  each  is  brought  about  by 
the  independent  action  of  special  nerve-fibres,  so  that  two  functionally  diflerent 
kinds  of  nerve-fibres  occur  in  the  facial  nerve  and  chorda— (1)  vaso-dilator  übres 
(fig.  183),  and  (2)  true  secretory  fibres.  The  methods  by  which  the  existence  ot 
these  nerve-fibres  is  proved  are  described  on  p.  248]. 


:       V     1     _  Sympatfietfc.lT. 
Fig.  183. 

Scheme  of  the  secretory  and  vaso-constrictor  nerves  of  the  sympathetic  nerve,  and  vaso-dilator 
and  secretory  nerves  of  the  chorda  passing  to  the  sub-maxillary  gland. 

II.  Stimulation  of  the  sympathetic  nerve  causes  a  scanty  amount  of  a  very 
thick,  sticky,  opaque  mucous  secretion,  in  which  the  specific  salivary  constituents, 
mucin,  and  the  salivary  corpuscles  are  very  abundant.  [It  contains  a  large  number 
of  morphological  elements,  chiefly  pale  glatinous-looking  masses,  probably  products 
of  the  transformation  of  gland-cells.  The  solids  reach  15-28  per  1000,  but  the 
total  quantity  of  saliva  secreted  is  always  small.]  The  specific  gravity  of  the 
saliva  is  raised  from  1007  to  1010.  Simultaneously  the  blood-vessels  become  con- 
tracted, so  that  the  blood  flows  more  slowly  from  the  veins,  and  has  a  dark  bluish 
colour. 

The  sympathetic  also  contains  two  kinds  of  nerve-fibres — (1)  true  secretory 
fibres,  and  (2)  vaso-constrictor  fibres  (fig.  183). 

[Electrical  Variations  during  Secretion. —That  changes  in  the  electromotive  properties  of 
glands  occur  during  secretion  was  shown  in  the  frog's  skin.  Bayliss  and  Bradford  find  that 
the  same  is  true  of  the  sub-maxillary  gland  (dog).  During  secretion,  the  excitatory  change  on 
stimulating  the  chorda  is  a  positive  variation  of  the  current  of  rest  (the  hilum_  of  the  gland 
becoming  more  positive),  but  it  is  frequently  followed  by  a  second  phase  of  opposite  sign.  The 
latent  period  is  always  very  short,  about  0-37".    Atropin  abolishes  the  chorda  variation.  On 
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stimulating  the  sympathetic,  the  excitatory  change  is  of  an  opposite  sign  to  that  of  the  chorda, 
and  the  hilum  becomes  less  positive,  so  that  there  is  a  negative  variation.  It  requires  a  more 
powerful  stimulus,  is  less  in  amount,  and  its  latent  period  is  longer  (2'-4"),  while  atropin 
lessens  but  does  not  abolish  it.] 

Eelation  to  Stimulus. — On  stimulating  the  cerebral  nerves,  at  first  with  a  weak  and  gradually 
with  a  stronger  stimulus,  there  is  a  gradual  development  of  the  secretion  in  Avhich  the  solid 
constituents — occasionally  the  organic— are  increased  {Heidenliain).  If  a  strong  stimulus  be 
applied  for  a  long  time,  the  secretion  diminishes,  becomes  watery,  and  is  poor  in  specific  con- 
stituents, especially  in  the  organic  elements,  which  are  more  affected  than  the  inorganic  (C. 
Ludwig  and  Beclier).  After  prolonged  stimulation  of  the  sympathetic,  the  secretion  resembles 
the  chorda  saliva.  It  would  seem,  therefore,  that  the  chorda  and  sympathetic  saliva  are  not 
specifica2ly  distinct,  but  vary  only  in  degree.  On  continuing  the  stimulation  of  the  nerves  up  to 
a  certain  maximal  limit,  the  rapidity  of  secretion  becomes  greater,  and  the  percentage  of  salts 
also  increases  to  a  certain  maximum,  and  this  inde[)endently  of  the  former  condition  of  the 
glands.  The  percentage  of  organic  constituents  also  depends  on  the  strength  of  the  nervous 
stimulation,  but  not  on  this  alone,  as  it  is  essentially  contingent  upon  the  condition  of  the  gland 
before  the  secretion  took  place,  and  it  also  depends  upon  the  duration  and  intensity  of  the 
previous  secretory  activity.  Very  strong  stimulation  of  the  gland  leaves  an  "after  effect," 
which  predisposes  it  to  give  off"  organic  constituents  into  the  secretion  {Heidcnhain).  A  latent 
period  of  1"2  sec.  to  24  sec.  may  elapse  between  the  nerve-stimulation  and  the  beginning  of  the 
secretion. 

[Langley  has  shown  that  in  the  cat  the  sympathetic  saliva  of  the  sub-maxillary  gland  is  less 
viscid  than  the  chorda  saliva.] 

Relation  of  Secretion  to  Blood-Supply. — The  secretion,  of  saliva  is  not  simply 
the  result  of  the  amount  of  blood  in  the  glands;  that  tliere  is  a  factor  independent 
of  the  changes  in  tlie  state  of  the  vessels  is  shown  by  the  following  facts  : — 

1.  The  secretory  activity  of  the  glands  when  their  nerves  are  stimulated  con- 
tinues for  some  time  after  the  blood-vessels  of  the  gland  have  been  ligatured. 

[If  the  head  of  a  rabbit  be  cut  off*,  stimulation  of  the  seventh  nerve,  above  where  the  chorda 
leaves  it,  causes  a  flow  of  saliva,  which  cannot  be  accounted  for  on  the  supposition  that  the 
saliva  already  present  in  the  salivary  glands  is  forced  out  of  them.  Thus  we  may  have 
secretion  without  a  blood-stream.  The  saliva  is  really  secreted  from  the  lymph  (fig.  183) 
present  in  the  lymph -spaces  of  the  gland  {Ludwig).^ 

2.  Atropin  and  daturin  abolish  the  activity  of  the  secretory  fibres  in  the  chorda 
tympani,  but  do  not  affect  the  vaso-dilator  fibres  {Heidenhain).  The  same  results 
occur  after  the  injection  of  acids  and  alkalies  into  the  excretory  duct  {Gianuz?A). 

[Action  of  Atropin. — The  vascular  dilatation  and  the  increased  flow  of  saliva 
due  to  the  activity  of  the  secretory  cells,  produced  by  stimulation  of  the  chorda 
tympani,  although  they  occur  simultaneously,  do  not  stand  in  the  relation  of  cause 
and  effect.  We  may  cause  vascular  dilatation  without  an  increased  flow  of  saliva, 
as  already  stated  (2).  If  atropin  be  given  to  an  animal,  stimulation  of  the  chorda 
produces  dilatation  of  the  blood-vessels,  but  no  secretion  of  saliva.  Atropin 
paralyses  the  secretory  fibres,  but  not  the  vaso-dilator  fibres  (fig.  184).  The 
increased  supply  of  blood,  while  not  causing,  yet  favours  the  act  of  secretion,  by 
placing  a  large  amount  of  pabulum  at  the  disposal  of  the  secretory  elements,  the 
cells.] 

3.  The  pressure  in  the  excretory  duct  of  the  salivary  gland — measured  by 
means  of  a  manometer  tied  in  it — may  Idc  nearly  twice  as  great  as  the  pressure 
within  the  arteries  of  the  glands,  or  even  in  the  carotid  itself  {Ludioig).  The 
pressure  in  Wharton's  duct  may  reach  200  mm.  Hg  [while  the  pressure  within  the 
carotid,  i.e.,  the  blood-pressure,  may  be  only  120  mm.  Hg.J 

[Secretory  Pressure. — The  experiment  described  under  (3)  proves,  in  a  definite 
manner,  that  the  passage  of  the  water  from  the  blood-vessels,  or  at  least  from  the 
lymph  into  the  acini  of  the  gland,  cannot  be  due  to  the  blood-pressure ;  that,  in 
fact,  it  is  not  a  mere  process  of  filtration,  such  as  perhaps  occurs  in  the  glomeruli  of 
the  kidney.  In  the  case  of  the  salivary  gland,  where  the  pressure  within  the 
gland  may  be  nearly  double  that  of  the  arterial  j^ressure,  the  water  actually  moves 
from  the  lymph-spaces  against  very  great  resistance.    We  can  only  account  for 
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this  result  by  ascribing  it  to  the  secretory  activity  of  the  gland-cells  themselves. 
Whether  the  activities  of  the  gland-cells,  as  suggested  by  Heidenhain,  are  governed 
directly  by  two  distinct  kinds  of  nerve-fibres,  a  set  of  solid-secreting  fil^res,  and  a 
set  of  water-secreting  fibres,  remains  to  be  proved.] 

All  these  facts  lead  us  to  conclude  that  the  nerves  exercise  a  direct  effect  upon 
the  secretory  cells,  apart  from  their  action  on  the  blood-vessels. 

4.  Just  as  in  the  case  of  muscles  and  nerves,  the  sahvary  glands  become  fatigued  or  ex- 
hausted after  prolonged  action.  This  result  may  also  be  brought  about  by  injecting  acids  or 
alkalies  into  the  duct,  which  shows  that  the  secretory  activity  of  the  gland  is  independent  of 
the  circulation  {Gianuzzi). 

Extirpation  of  Salivary  Glands. — When  the  chorda  tyrapani  is  extirpated  on  one  side  in 
young  dogs,  the  sub-maxillary  gland  on  that  side  does  not  develop  so  much — its  weight  is_50 
per  cent,  less— while  the  mucous  cells  and  the  "crescents"  are  smaller  than  on  the  sound  side 
{Bufalini). 

During  secretion,  the  temperature  of  the  gland  rises  1-5°  C.  (Ludwig),  and  the 
blood  flowing  from  the  veins  is  often  warmer  than  the  arterial  blood.  [The  electro- 
motive changes  are  referred  to  at  p.  247.] 

[Results  of  Stimulation  of  glandular  nerves. — The  results  following  electrical 
or  other  stimulation  of  the  peripheral  end  of  a  glandular  nerve  may  be  stated  as 
follows : — 

(1)  Vaso-motor  changes,  causing  alterations  in  the  blood-supply  and  blood- 
flow. 

(2)  Chemical  and  histological  changes  in  the  gland-cells  connected  with  the 
elaboration  of  the  organic  and  possibly  of  the  inorganic  constituents  of  the  saliva. 

(3)  Changes  by  which  water  is  secreted,  i.e.,  passes  through  the  basement 
membrane  and  gland-cells,  and  the  consequent  movement  of  the  fluid  through  the 
cells  and  ducts. 

(4)  Electrical  changes  (p.  247),  which  do  not  seem  to  be  associated  with  the 
vaso-motor  changes,  for  the  electrical  variations  are  readily  abolished  by  atropin, 
Avhich  does  not  affect  the  vaso-motor  changes.] 

"Paralytic  Secretion"  of  Saliva. — By  this  term  is  meant  the  continued  secre- 
tion of  a  thin  watery  saliva  from  the  sub-maxillary  gland,  Avhich  occurs  twenty- 
four  hours  after  the  section  of  the  cerebral  nerves  (chorda  of  the  seventh),  i.e., 
those  branches  of  them  that  go  to  this  gland,  whether  the  sympathetic  be 
divided  or  not  {Gl.  Bernard).  It  increases  until  the  eighth  day,  after  which  it 
gradually  diminishes,  while  the  gland-tissue  degenerates.  The  injection  of  a 
small  quantity  of  curare  into  the  artery  of  the  gland  also  causes  it. 

[Heidenhain  showed  that  section  of  one  chorda  is  followed  by  a  continuous  secretion  of  saliva 
from  both  sub-maxillary  glands.  The  term  "paralytic  secretion"  is  applied  to  that  which 
takes  place  on  the  side  on  which  the  nerve  is  cut,  and  Langley  proposes  to  call  the  secretion  on 
the  opposite  side  the  antilytic.  Apnoea  (§  368)  stops  both  the  paralytic  and  antilytic 
secretion,  while  dyspnoea  increases  the  flow  in  both  cases  ;  and  as  section  of  the  sympathetic 
fibres  to  the  gland  (where  the  chorda  is  cut)  arrests  the  paralytic  secretion  excited  by  dyspncea, 
it  is  evident  that  both  the  paralytic  secretion  and  the  secretion  following  dyspnoea  are  caused 
by  stimuli  travelling  down  the  sympathetic  fibres.  In  the  later  stages  of  the  paralytic  secretion 
the  cause  is  in  the  gland  itself,  for  it  goes  on  even  if  all  the  nerves  passing  to  the  gland  be 
divided,  and  is  probably  due  to  a  local  nerve-centre.  In  this  stage  the  secretion  is  arrested  by 
a  large  dose  of  chloroform.  The  paralytic  secretion,  in  the  first  stage,  may  be  owing  to  a  venous 
condition  of  the  blood  acting  on  a  central  secretory  centre  whose  excitability  is  increased  ;  and 
in  the  latter  stages  probably  on  local  nerve-centres  within  the  gland.  The  fibres  of  the  chorda 
in  the  cat  are  only  partially  degenerated  thirteen  days  after  section  [Langley).} 

[Histological  Changes. — In  the  gland  during  paralytic  secretion,  the  gland-cells  of  the 
alveoli  (serous,  mucous,  and  demilunes)  diminish  in  size,  and  show  the  typical  "resting" 
appearance,  even  to  a  greater  extent  than  the  normal  resting  gland  (Langley).] 

B.  Sub-Lingual  G-land. — Very  probably  the  same  general  relations  obtain  as 
in  the  sub-maxillary  gland. 

C.  Parotid  Gland. — In  the  dog,  stimulation  of  the  sympathetic  alo7ie  causes  no 
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secretion  ;  it  occurs  when  the  glosso-pharyngeal  branch  to  the  parotid  is  simul- 
taneously excited.  This  branch  may  be  reached  within  the  tympanum  m  the 
tympanic  plexus.  A  thick  secretion  containing  much  organic  matter  is  thereby 
obtained.  Stimulation  of  the  cerelral  branch  aZo7ze  yields  a  clear  thm  watery 
secretion,  containing  a  very  small  amount  of  organic  substances,  but  a  considerable 
amount  of  the  salts  of  the  saliva.  - 

rStimuIation  of  Jacobson's  Nerve  (Parotid  of  Dog)— 

Total  Solids.  Salts.  Orga-nic  Matter. 

Without  sympathetic,       ....       0-5.5%  0-31  0-24 

With  sympathetic,  2-42/  0  ^  uoj 

The  following  table  shows  the  nerves  of  the  parotid  gland  :— 

r  Cerebral.   Vaso  düators  =  glosso-pharyngeal. 
Vaso-motor  nerves    |  Sympathetic.   Vaso-constrictors  =  sympathetic. 

i  Cerebral  ^  ^f^^^^  i  \  =  small  superficial  petrosal. 

Secretory  nerves       ^^lebral     Glosso-pharyngeal  J 

(  Sympathetic -=  sympathetic]  , 
The  parotid  atrophies  after  destruction  of  the  tympanic  pkxus  {Bradford). 
Reflex  Secretion  of  Saliva.— [If  a  cannula  be  placed  in  Wharton's  duct,  e.r/. 
in  a  doc^  during  fasting,  little  or  no  saliva  will  flow  out,  but  on  applying  a  sapid 
substance  to  the  mucous  membrane  of  the  mouth  or  the  tongue,  there  is  a  copious 
flow  of  saliva.    If  the  sympathetic  nerve  be  divided,  secretion  still  takes_  place 
when  the  mouth  is  stimulated,  but  if  the  chorda  tympani  be  cut,  secretion  no 
lon-er  takes  place.    Hence,  the  secretion  is  due  to  a  reflex  act ;  m  this  case,  the 
lingual  is  the  afferent,  and  the  chorda  the  efferent  nerve  carrying  mipulses  from  a 
centre  situated  in  the  medulla  oblongata  (fig.  184).]    In  the  intact  body,  the 

secretion  of  saliva  occurs  through  a 
M.tcor.s  Metrdn-ane    _  reflex  stimulation  of  the  nerves  con- 

cerned, whereby,  under  normal  circum- 
stances, the  secretion  is  always  watery 
(chorda  or  facial  saliva).  The  centri- 
petal or  afferent  nerve-fibres  con- 
cerned are  :— (1)  The  nerves  of  taste. 
(2)  The  sensory  branches  of  the  tri- 
geminus of  the  entire  cavity  of  the 
mouth  and  the  glosso-pharyngeal 
(which  appear  to  be  capable  of  being- 
stimulated  by  mechanical  stimuH, 
pressure,  tension,  displacement).  The 
""Bloodvessels  movements  of  mastication  also  cause  a 

of  Giaud.  secretion  of  saliva.    Pflüger  found  that 

p-^  ;^g4_  one-third  more  saliva  was  secreted  on 

°'      '  the  side  where  mastication  took  place 

Diagram  of  a  salivary  gland.  Bernard  observed  that  the 

secretion  ceased  in  horses  during  the  act  of  drinking.  (3)  The  nerves  of  smell 
excited  by  certain  odours.  (4)  The  gastric  branches  of  the  vagus.  A  rush  of 
saUva  into  the  mouth  usually  precedes  the  act  of  vomiting  (§  158). 

(5)  The  stimulation  of  distant  sensory  nerves,  e.g.,  the  central  end  of  the  sciatic— certainly 
through  a  complicated  reflex  mechanism-causes  a  secretion  of  saliva  {Oiosjanmkow  and 
TscUeriew).  Stimulation  of  the  conjunctiva,  e.g.,  by  applying  an  irritating  fluid  to  the  eye  ot 
carnivorous  animals,  causes  a  reflex  secretion  of  saliva  {Aschenbrandt).  Perhaps  the  secretion 
of  saliva  which  sometimes  occurs  during  pregnancy  is  caused  in  a  similar  reflex  manner. 

(6)  The  movements  of  mastication  excite  secretion,  but  although,  during  the  act  ot  rumina- 
tion this  is  the  case  in  ruminants,  in  whom  the  process  of  mastication  is  very  thorough,  there 
is  no  secretion  from  the  sub-maxillary  gland,  although  the  parotid  secretes  {Cohn,  Ellenherger 
and  Hofmeister). 
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The  reflex  centre  for  the  secretion  of  saHva  lies  in  the  medulla  ol^longata,  at  the 
origin  of  the  seventh  and  ninth  cranial  nerves.  The  centre  for  the  sympathetic 
fibres  is  also  placed  here.  This  region  is  connected  by  nerve-fibres  with  the  cere- 
brum ;  hence  the  thought  of  a  savoury  morsel,  sometimes,  when  one  is  hungry, 
causes  a  rapid  secretion  of  a  thin  watery  fluid — [or,  as  we  say,  makes  the  mouth 
water  "].  If  the  centre  be  stimulated  directly  by  a  mechanical  stimulus  (puncture), 
salivation  occurs,  while  asphyxia  has  the  same  effect.  The  reflex  secretion  of  saliva 
may  be  inhibited  by  stimulation  of  certain  sensory  nerves,  e.g.^  by  pulling  out  a  loop 
of  the  intestine.  Stimulation  of  the  cortex  cerebri  of  a  dog,  near  the  sulcus  cruciatus, 
is  often  followed  by  secretion  of  saliva.  Disease  of  the  brain  in  man  sometimes 
causes  a  secretion  of  saliva,  owing  to  the  eff'ects  produced  on  the  intracranial 
centre. 

So  long  as  there  is  no  stimulation  of  the  nerves,  there  is  no  secretion  of  saliva, 
as  in  sleep.  Immediately  after  the  section  of  all  nerves,  secretion  stops,  for  a  time 
at  least. 

Pathological  Conditions  and  Poisons. — Certain  affections,  as  inflammation  of  the  mouth, 
neuralgia  ;  xilcers  of  the  mucous  membrane  ;  and  aff"ections  of  the  gums,  due  to  teething  or  the 
prolonged  administration  of  mercury,  often  produce  a  copious  secretion  of  saliva  or  ptyalism. 
Certain  poisons  cause  the  same  eff'ect  by  direct  stimulation  of  the  nerves,  as  Calabar  bean  (physo- 
stigmin),  digitalin,  and  especially  pilocarpin.  Many  poisons,  especially  the  narcotics — above 
all  atropin — paralyse  the  secretory  nerves,  so  that  there  is  a  cessation  of  the  secretion  and  th3 
mouth  becomes  dry  ;  while  the  administration  of  muscarin  in  this  condition  causes  secretion. 
Pilocarpin  acts  on  the  chorda  tympani,  causing  a  profuse  secretion,  and  if  atropin  be  given,  ths 
secretion  is  again  arrested.  Conversely,  if  the  secretion  be  arrested  by  atropin,  it  may  be 
restored  by  the  action  of  pilocarpin  or  physostigmin.  Nicotin,  in  small  doses,  excites  the  secre- 
tory nerves,  but  in  large  doses  paralyses  them.  Daturin,  cicutin,  and  iodide  of  eethylstrychnin, 
paralyse  the  chorda.  The  saliva  is  diminished  in  amount  in  man,  in  cases  oi  paralysis  of  the 
facial  or  sympathetic  nerves,  as  is  observed  in  unilateral  paralysis  of  these  nerves. 

[Sialogogues  are  those  drugs  which  increase  the  secretion  of  saliva.  Some  are  topical,  and 
take  eff'ect  vvhen:  applied  to  the  mouth.  They  excite  secretion  reflexly  by  acting  on  the  sensory 
nerves  of  the  mouth.  They  include  acids,  and  various  pungent  bodies,  such  as  mustard,  ginger, 
pyrethrum,  tobacco,  ether,  and  chloroform  ;  but  they  do  not  all  produce  the  same  effect  on  the 
amount  or  quality  of  the  saliva  ;  others,  the  general  sialogogues,  cause  salivation  when  intro- 
duced into  the  blood  :  physostigmin,  nicotin,  pilocarpin,  muscarin.  The  drugs  named  act  after 
all  the  nerves  going  to  the  gland  are  divided,  so  that  they  stimulate  the  peripheral  ends  of  the 
nerves  in  the  glands.    The  first  two  also  excite  the  central  ends  of  the  secretory  nerves.] 

[Anti-sialics  are  those  substances  which  diminish  the  secretion  of  saliva,  and  they  may  take 
effect  upon  any  part  of  the  reflex  arc,  i.e.,  on  the  mouth,  the  afferent  nerves,  the  nerve-centre 
and  afferent  nerves,  or  upon  the  blood-stream  through  the  glands,  or  in  the  glands  themselves. 
Opium  and  morphia  aff'ect  the  centre,  large  doses  of  physostigmin  affect  the  blood-supply,  but 
atropin  is  the  most  powerful  of  all,  as  it  paralyses  the  terminations  of  the  secretory  nerves  in 
the  glands,  e.g.,  the  chorda  tympani,  and  even  the  sympathetic  in  the  cat  (but  not  in  the  dog).] 

[Excretion  by  the  saliva. — Some  drugs  are  excreted  by  the  saliva.  Iodide  of  potassium  is 
rapidly  eliminated  by  the  kidneys,  and  by  the  salivary  glands,  and  so  also  is  iodide  of  iron.] 

Theory  of  Salivary  Secretion. — Heidenhain  has  recently  formulated  the  following  theory 
regarding  the  secretion  of  saliva  : — -"During  the  passive  or  quiescent  condition  of  the  gland, 
the  organic  materials  of  the  secretion  are  formed  from  and  by  the  activity  of  the  protoplasm  of 
the  secretory  cells.  A  quiescent  cell,  which  has  been  inactive  for  some  time,  therefore  contains 
little  protoplasm,  and  a  large  amount  of  these  secretory  substances.  In  an  actively  secreting 
gland,  there  are  two  processes  occurring  together,  but  independent  of  each  other,  and  regulated 
by  two  different  classes  of  nerve-fibres  ;  secretory  fibres  cause  the  act  of  secretion,  while  trophic 
fibres  cause  chemical  processes  within  the  cells,  partly  resulting  in  the  formation  of  the  soluble 
constituents  of  the  secretion,  and  partly  in  the  growth  of  the  protoplasm.  According  to  the 
number  of  both  kinds  of  fibres  present  in  a  nerve  passing  to  a  gland,  such  nerve  being  stimu- 
lated, the  secretion  takes  place  more  rapidly  (cerebral  nerve)  or  more  slowly  (sympathetic), 
while  the  secretion  contains  less  or  more  solid  constituents.  The  cerebral  nerves  contain  many 
secretory  fibres  and  few  trophic  fibres,  v/hile  the  sympathetic  contain  more  trophic  but  few 
secretory  fibres.  The  rapidity  and  chemical  composition  of  the  secretion  vary  according  to  the 
strength  of  the  stimulus.  During  continued  secretion,  the  supply  of  secretory  materials  in  the 
gland-cells  is  used  up  more  rapidly  than  it  is  replaced  by  the  activity  of  the  protoplasm  ;  hence, 
the  amount  of  organic  constituents  diminishes,  and  the  microscopic  characters  of  the  cells  are 
altered.  The  microscopic  characters  of  the  cells  are  altered  also  by  the  increase  of  the  proto- 
plasm, which  takes  place  in  an  active  gland.    The  mucous  cells  disappear,  and  seem  to  be 
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dissolved  after  prolonged  secretion,  and  their  place  is  taken  by  other  cells  derived  from  the  pro- 
liferation of  the  marginal  cells  (?).  The  energy  which  causes  the  current  of  fluid  depends  upon  the 
protoplasm  of  the  gland-cells." 

146.  THE  SALIVA  OF  THE  INDIVIDUAL  GLANDS.— (a)  Parotid  saliva 

(Steno's  duct) ;  it  has  an  alhaUne  reaction,  but  during  fasting,  the  first  few  drops 
may  be  neutral  or  even  acid  on  account  of  free  CO2 ;  its  specific  gravity  is  1003  to 
1004.  [It  does  not  contain  any  morphological  constituents.]  After  standing  it 
becomes  turbid,  and  deposits,  in  addition  to  albuminous  matter,  calcium  carbonate, 
Avhich  is  present  in  the  fresh  saliva  in  the  form  of  bicarbonate.  It  contains  small 
quantities  (more  abundant  in  the  horse)  of  a  globulin-like '  body,  and  never  seems 
to  be  without  CNKS,  i.e.,  sulphocyanide  of  potassium  (or  sodium),— which,  how- 
ever, is  absent  in  the  sheep  and  dog. 

[The  sulphocyanide  gives  a  dark  red  colour  (ferric  sulphocyanide)  with  ferric  chloride,  and  the 
colour  is  discharged  by  mercuric  chloride,  but  this  is  not  the  case  with  meconie  acid,  ^yhlch 
gives  a  similar  colour-reaction.]  It  also  reduces  iodic  acid  when  added  to  saliva,  causing  a 
yellow  colour  from  the  liberation  of  iodine,  which  may  be  detected  at  once  by  starch  (Solera). 

Amongst  the  organic  substances  the  most  important  are  ptyalin,  a  small  amount 
of  tirea,  and  traces  of  a  volatile  acid.  Mucin  is  aT)sent,  hence  the  parotid  sahva  is 
not  sticky,  and  can  readily  be  poured  from  one  vessel  into  another.  It  contains  1  -5 
to  1-6  per  cent,  of  solids  in  man,  of  which  0-3  to  I'O  per  cent,  is  inorganic  [It 
does  not  contain  any  morphological  elements.  Its  diastatic  action  is  more  powerful 
in  man  than  that  of  the  sub-maxillary  gland,  or  of  mixed  saliva.  Parotid  saliva 
is  powerfully  diastatic  in  the  rodents  (guinea-pig,  rat,  mouse,  rabbit) ;  it  is  less 
active  in  ruminants,  and  it  is  said  to  be  inactive  in  the  sheep.  It  is  almost  inactive 
in  the  dog  and  cat.] 

Of  the  inorganic  constituents— the  most  abundant  are  potassium  and  sodium  chlorides  ;  then 
potassium,  sodium,  and  calcium  carbonates,  some  phosphates,  and  a  trace  of  an  alkaline 
sulphate.  i     i       -x-  <? 

Salivary  calculi  are  formed  in  the  ducts  of  the  salivary  glands  owing  to  the  deposition  ol 
lime-salts,  and  they  contain  only  traces  of  the  other  salivary  constituents  ;  in  the  same  way  is 
formed  the  tartar  of  the  teeth,  which  contains  many  threads  of  leptothrix,  and  the  remains  ot 
low  organisms  which  live  in  decomposing  saliva  in  carious  cavities  and  between  the  teeth. 

Method  of  obtaining  saliva.— In  order  to  obtain  the  saliva  from  the  individual  glands,  a  thm 
metallic  tube  or  cannula  is  introduced  into  the  corresponding  duct.  On  making  masticatory 
movements,  or  on  stimulating  the  tongue  with  sapid  substances,  there  is  a  reflex  secretion  ot 
saliva  which  flows  out  ])y  the  tube, 

(b)  Sub-maxillary  saliva  is  obtained  by  placing  a  cannula  in  Wharton's  duct ; 
it  is  alkaline,  and  may  be  strongly  so.    After  standing  for  a_  time,  fine  crystals  of 
calcium  carbonate  are  deposited,  as  also  an  amorphous  albuminous  body.    It  always 
contains  mucin  (which  is  precipitated  by  acetic  acid)  ;  hence,  it  is  usually  some- 
what stringy  and  viscid.    It  contains  ptyalin,  but  in  less  amount  than  in  parotid 
saliva  ;  and,  according  to  Oehl,  only  0*0036  per  cent,  of  potassium  sulphocyanide. 
Chemical  Composition.— Sub-maxillary  saliva  (dog) : 
Water,       .        991-45  per  1000. 
Organic  Matter,       2-89  „ 
T  '   -XT  Kaai  ^'50  NaCl  and  CaCl^. 

Inorganic  Matter,     5  66  j  ^.-^g  ^^^^q^^  Calcium  and  Magnesium  phosphates. 

Mixed  Saliva  Parotid  Sul)-maxillary 

(Human)  (Human)  (Dog) 

(Jacuhoicitsch).  (Hoppe-Seyle)').  (Herter). 

[Water,   99-51  99-32  99-44 

Solids,      .  0-49  0-68  0-56 

Soluble  organic  bodies  (ptyalin),        .                   0.13  \                   ^.34  I  n'??^ 

Epithelium,  mucin,    ....                    0-16  J  I  U'l? 

Inorganic  salts,          ....                    0-102                       0-34  0-43 

- Potassic  sulphocyanide,      .       .       .                    0-006                       0-03  .  ... 

Potassic  and  sodic  chlorides,      .       .  .      0-084  ....  ■••  i 
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-Pflüger  found  that  100  cubic  centimetres  of  the  saliva  contained  0'6  0  ;  64*7  CO^, 
(part  could  be  pumped  out,  and  part  required  the  addition  of  phosphoric  acid)  ;  0  '8  N"  ;  or,  in 
100  vol.  gas,  0-91  0  ;  97  "SB  COo  ;  1"21  N.  [It  therefore  contains  much  more  CO.^  than  venous 
blood.  Külz  obtained  from  lOO  c.c.  of  human  saliva  7  c.c.  of  gas — 0  =  1  c.c. ,  N=-2'5  c.c.  and 
C02  =  3'5  c.c.    Besides  this  there  is  40 — 60  c.c.  of  fixed  CO^  in  the  form  of  carbonates.] 

(c)  Sul)-lingual  saliva  is  obtained  by  placing  a  very  fine  cannula  in  tlie  ductus 
Eivinianus ;  it  is  strongly  alkaline  in  reaction,  very  sticky  and  viscid,  contains 
much  mucin,  numerous  salivary  corpuscles,  and  some  potassium  sulphocyanide. 

147.  THE  MIXED  SALIVA  IN  THE  MOUTH.— The  mixed  saliva  in  the 

mouth  is  a  mixture  of  the  secretions  from  the  salivary,  mucous  and  other  glands  of 
the  mouth. 

(1)  Physical  Characters. — It  is  an  opalescent,  tasteless,  odourless,  slightly 
glairy  fluid,  with  a  specific  gravity  of  1004  to  1009,  and  an  alkaline  reaction  [due 
to  alkaline  bicarbonates  and  phosphates].  The  amount  secreted  in  twenty-four 
hours  =  200  to  1500  grams  (7  to  50  oz.);  according  to  Bidder  and  Schmidt, 
however,  =  1000  to  2000  grams.    The  solid  constituents  =  5*8  per  1000. 

Composition. — The  solids  are: — Epithelium  and  mucus,  2*2;  ptyalin  and  albumin,  1*4; 
salts,  2-2  ;  potassium  sulpliocyanide,  0*04  per  1000.  The  ash  contains  chiefly  potash,  phosphoric 
acid,  and  chlorine  {Hammerhachcr). 

Decomposition-products  of  epithelium,  salivary  corpuscles,  or  the  remains  of  food,  may  render 
it  acid  temporarily,  as  after  long  fasting,  and  after  much  speaking  ;  the  reaction  is  acid  in 
some  cases  of  dyspepsia  and  in  fever,  owing  to  the  stagnation  and  insufficient  secretion. 

(2)  Microscopic  Constituents. — {a)  The  salivary  corpuscles  are  slightly  larger 
than  the  white  blood-corpuscles  (8  to  11  /x),  and  are  nucleated  protoplasmic  globular 
cells  without  an  envelope  (fig.  185).  While  the  corpuscles  are  living,  the  particles 
in  their  interior  exhibit  molecular  or 
Brownian  movement.  The  dark  gran- 
ules lying  in  the  protoplasm  are  thrown 
into  a  trembling  movement,  from  the 
motion  of  the  flaicl  in  which  they  are 
suspended.  This  dancing  motion  stops 
when  the  cell  dies. 

[The  Brownian  movements  of  these  suspended 
granules  are  purely  physical,  and  are  exhibited 
by  all  fine  microscopic  particles  susj^ended  in  a 
limpid  fluid,  e.g.,  gamboge  rubbed  up  in  water, 
particles  of  carmine,  charcoal,  &c.] 

(&)  Pavement  epithelial  cells  from  the 
mucous  membrane  of  the  mouth  and  tongue  ; 
they  are  very  abundant  in  catarrh  of  the  mouth 
(fig.  185). 

(c)  Living  organisms,  which  live  and  thrive 
in  the  cavities  of  teeth,  nourished  by  the  re- 
mains of  food.  Amongst  these  are  Leptotlirix 
huccalis  (figs.  171,  185)  and  small  bacteria-like  organisms.  The  threads  of  the  leptothrix  penetrate 
into  the  canals  of  the  dentine,  and  produce  dental  caries.  [Miller  has  found  twenty-five 
varieties  of  micro-organisms,  including  cocci  (lodococcus  vaginatus),  bacteria  (Bacillus  buccalis 
maximus),  vibrios,  spirilla  (Spirillum  sputigenum),  and  spirocha^tfe  (Spirochseta  dentium), 
eight  of  them  present  in  the  stomach  and  twelve  in  the  intestines.  The  Zooglea  form  of 
Leptothrix  forms  the  yellow  scum  on  the  teeth.] 

(3)  Chemical  Properties.— (a)  Organic  Constituents. — Serum-albumin  is  preci- 
pitated by  heat  and  by  the  addition  of  alcohol.  In  saliva,  mixed  with  much  water 
and  shaken  up  with  COg,  a  globulin-liJie  body  is  precipitated ;  mucin  occurs  in 
small  amount.  Amongst  the  extractives,  the  most  important  is  ptyalin ;  fats  and 
uvea  occur  only  in  traces.  In  twenty-four  hours  130  milligrams  of  potassium  or 
sodium  sulphocyanide  are  secreted. 

[Mucin  makes  saliva  viscid.    It  is  precipitated  by  acetic  acid,  but  if  much  'Na.Cl  be  added  an 
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excess  of  acid  will  not  precipitate  it.  It  is  a  very  complex  body,  but  it  can  be  split  up  into  a 
proteid-like  body  and  a  carbohydrate  (§  250,  1).] 

(h)  Inorganic  Constituents. — Sodium  and  potassium  chlorides,  potassium 
sulphate,  alkaline  and  earthy  phosphates,  ferric  phosphate. 

According  to  Scbonbein,  the  saliva  contains  traces  of  nitrites  (detected  by  adding  dilute 
sulphuric  acid  and  diamido-benzol  to  dilute  saliva),  which  give  a  yellow  colour  {Gries).  There 
are  also  traces  of  ammonia  {Brücke). 

Abnormal  Constituents. — In  diabetes  mellitus,  lactic  acid,  derived  from  a  further  decomposi- 
tion of  grape-sugar,  is  found.  It  dissolves  the  lime  in  the  teeth,  giving  rise  to  diabetic  dental 
caries.  Frerichs  found  leucin,  and  Vulpian  increase  of  albumin  in  albuminuria.  Of  foreign 
substances  taken  into  the  body,  the  following  appear  in  the  saliva :— Mercury,  potassium, 
iodine,  and  bromine. 

Saliva  of  New-Born  Children. — In  new-born  children,  the  parotid  alone 
contains  ptyalin.  The  diastatic  ferment  seems  to  be  developed  in  the  sub-maxillary 
gland  and  pancreas,  at  the  earliest,  after  two  months.  Hence,  it  is  not  advisable 
to  give  starchy  food  to  infants,  ptyalin  has  been  found  in  the  saliva  of  infants 
suffering  from  thrush  (Oidium  albicans — Zweifel).  The  diastatic  action  of  saliva 
is  not  absolutely  necessary  for  the  suckling,  feeding  as  it  does  upon  milk.  The 
mouth  during  the  first  two  months  is  not  moist,  but  at  a  later  period  saliva 
is  copiously  secreted  {Koro'win) ;  after  the  first  six  months  the  salivary  glands 
increase  considerably.  The  eruption  of  the  teeth — owing  to  the  irritation  of 
the  mucous  membrane — produces  a  copious  secretion  of  saliva. 

148.  PHYSIOLOGICAL  ACTIONS  OF  SALIVA.— I.  Diastatic  Action.— The 

most  important  chemical  action  exerted  by  saliva  in  digestion  is  its  diastatic  or 
amylolytic  action  {Leuchs,  1831),  i.e.,  the  transformation  of  starch  into  dextrin 
and  some  form  of  sugar.  This  is  due  to  the  ptyalin— a  hydrolytic  ferment  or 
enzyme — which,  even  when  it  is  present  in  very  minute  quantity,  causes  starch 
to  take  up  water  and  become  soluble,  the  ferment  itself  undsrgoing  no  essential 
change  in  the  process.  [Ptyalin  belongs  to  the  group  of  unorganised  ferments 
(§  250,  9).  Like  all  other  ferments,  it  acts  only  within  a  certain  range  of  tempera- 
ture, being  most  active  about  40°  C.  Its  energy  is  permanently  destroyed  by 
boiling.    It  acts  best  in  a  slightly  alkaline  or  neutral  medium.] 

II.  Saliva  dissolves  those  substances  which  are  soluble  in  water ;  its  alkaline 
reaction  enables  it  to  dissolve  some  substances  which  are  not  soluble  in  water  alone, 
but  require  the  presence  of  an  alkali. 

III.  Saliva  moistens  dry  food  and  aids  mastication  and  the  formation  of  the 
"  bolus,"  while  by  its  mucin  it  helps  the  act  of  swallowing,  the  mucin  being  given 
off  unchanged  in  the  fseces.    The  ultimate  fate  of  ptyalin  is  unknown. 

[IV.  Saliva  also  aids  articulation,  and  according  to  Liebig  it  carries  down  into 
the  stomach  small  quantities  of  0.] 

[V.  It  is  necessary  to  the  sense  of  taste  to  dissolve  sapid  substances,  and  bring 
them  into  relation  with  the  end-organs  of  the  nerves  of  taste.] 

Saliva  has  no  action  on  proteids  or  on  fats. 

The  presence  of  a  peptone-forming  ferment  has  recently  been  detected  in  saliva  {Hilfner, 
Mimk,  Kühne).    [Perfectly  healthy  human  saliva  has  no  poisonous  properties.] 

[Action  of  Saliva  on  Starch. — Starch-grains  consist  of  granulöse  or  starch 
enclosed  by  coats  of  cellulose.  Starch-grains,  e.g.,  of  the  potato,  consist  of  oval 
microscopic  granules  with  concentric  markings  arranged  in  a  lob-sided  manner 
around  an  eccentrically  placed  spot,  the  hiluni  (fig.  186).  Cellulose  does  not 
appear  to  be  affected  by  saliva,  so  that  saliva  acts  but  slowly  on  raw  unboiled 
starch.  If  the  starch  be  boiled  so  as  to  swell  up  the  starch-grains,  and  rupture 
the  cellulose  envelopes,  the  amylolytic  action  takes  place  rapidly.  If  starch-paste 
or  starch-mucilage,  made  by  boiling  starch  in  water,  be  acted  upon  by  saliva, 
especially  at  the  temperature  of  the  body,  the  first  physical  change  observable  is 
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the  liquefaction  of  the  paste,  the  mixture  becoming  more  fluid  and  transparent. 
The  change  takes  place  in  a  few  minutes.  Wlien  the  action  is  continued,  important 
chemical  changes  occur.] 

According  to  O'Sullivan,  Musculus,  and  v.  Mering,  the  diastatic  ferment  of 
saliva  (and  of  the  pancreas),  by  acting  upon  starch  or  glycogen,  forms  dextrin  and 
maltose  (both  soluble  in  water).  Several  closely  allied  varieties  of  dextrin, 
distinguishable  by  their  colour-reactions,  seem  to  be  produced  [Brücke).  Erythro- 
dextrin  is  formed  first,  it  gives  a  red  colour  with  iodine  ;  then  a  reducing 
dextrin — achroodextrin,  which  gives  no  colour-reaction  with  iodine.  The  sugar 
formed  by  the  action  of  ptyalin  upon  starch  is  maltose  (0^2^22011  +  H2O),  which 
is  distinguished  from 
grape-sugar  {Gy2^^fi^^) 
by  containing  one  mole- 
cule less  of  water,  which, 
however  it  holds  as  a 
molecule  of  water  of  hy- 
dration. [Maltose  also 
difi'ers  from  grape-sugar 
in  its  greater  rotatory 
power  on  polarised  light, 
the  former  =  +150°,  the 
latter  +  56°,  and  in  its 
smaller  power  of  reducing 
cupric  oxide,  the  ratio 
being  100  :  61.  Thus, 


Fig.  186. 
Grains  of  potato-starcli  x  300. 


between  the 


original  starch 


and  the  final  product, 

maltose,  several  intermediate  bodies  are  formed.  The  starch  gives  a  blue  with 
iodine,  but  after  it  has  been  acted  on  for  a  time  it  gives  a  red  or  violet  colour, 
indicating  the  presence  of  erythrodextrin,  there  being  a  simultaneous  production 
of  sugar  ;  but  ultimately  no  colour  is  obtained  on  adding  iodine — achroodextrin, 
which  gives  no  colour  with  iodine, — and  maltose  being  formed.  The  presence  of 
the  maltose  is  easily  determined  by  testing  with  Fehling's  solution.] 

[Brown  and  Heron  suggest  that  the  final  result  of  the  transformation  may  be  re- 
presented by  the  equation — 

10(C,2H2oO,o)  +  8H2O  =  KC,,U,,0,,)  +  2(C,  AoO.o) 

Soluble  starch.       Water,  Maltose.  Achroodextrin. 

The  ferment  slowly  changes  maltose  into  grape-sugar  or  dextrose.  This  result 
may  be  brought  about  much  more  rapidly  by  boiling  maltose  with  dilute  sulphuric 
or  hydrochloric  acid.]  Achroodextrin  ultimately  passes  into  maltose,  and  this 
again  into  dextrose  ;  the  other  form  of  dextrin  does  not  seem  to  undergo  this  change 
(Seegen's  Dystropodextrin).  For  the  further  changes  that  maltose  undergoes  in 
the  intestine,  see  §  183,  II,  2, 

[Action  of  Acid  on  Starch, — Starch  may  be  converted  into  dextrin  and  sugar  by 
boiling  it  with  a  dilute  acid,  e.g.,  HCl,  but  there  is  a  difference  between  this 
hydration  producing  an  acid  and  that  produced  by  a  ferment  like  ptyalin.  In  the 
former  case  the  sugar  produced  is  wholly  dextrose,  no  maltose  being  formed.] 

[The  formula  of  starch  is  usually  expressed  as  CgHjoOg,  but  the  researches  already  men- 
tioned, and  those  of  Brown  and  Heron,  make  it  probable  that  it  is  more  complex,  which  we 
may  provisionally  represent  by  viCigHgoOjo.  According  to  Musculus  and  Meyer,  erythrodextrin 
is  a  mixture  of  dextrin  and  soluble  starch.] 

Preparation  of  Ptyalin. — (1)  Like  all  other  hydrolytic  ferments,  it  is  carried  down  with  any 
copious  precipitate  that  is  produced  in  the  fluid  which  contains  it,  and  it  can  be  isolated  from 
the  precipitate.  The  saliva  is  acidulated  with  phosphoric  acid,  lime-water  is  added  until  the 
reaction  becomes  alkaline,  when  a  precipitate  of  the  basic  calcium  phosphate  occurs,  which 
carries  the  ptyalin  along  with  it.    This  precipitate  is  collected  on  a  filter,  washed  with  water, 
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wliicli  dissolves  the  ptyalin,  and  from  its  watery  solution  it  is  precipitated  l^.V  alcohol  as  a  white 
Dowder     It  is  redissolved  in  water  and  reprecipitated  and  is  obtained  pure  {Colmlieim).  _ 

(-2)  Glycerin  or  v  Wittich' s  Method.— The  salivary  glands  [rat]  are  chopped  up,  placed  in 
abso  Ute  alcohol  for  twenty-four  hours,  taken  out  and  dried,  and  afterwards  placed  m  g  ycerin 
for  several  days,  which  extJacts  the  ptyalin.    It  is  precipitated  by  alcohol  from  the  glycerin 

^""(3^ William  Roberts  recommends  the  following  solutions  for  extracting  ferments  from  organs 
whirh  contain  them  :-(l)  A  3  to  4  per  cent,  solution  of  a  mixture  of  2  parts  ot  boracic  acid  and  1 
mit  W^^^^^  12  to  15  percent,  of  alcohol.    (3)  1  part  chloroform  to  200  of  water. 

^  Conditions  affecting  the  Diastatic  Action  of  Saliva,  (c.)  The  diastatic  or  sugar-forming 
notion  is  known  bv  — (D  The  disappearance  of  the  starch.  When  a  small  quantity  of  starch  is 
boiled  with  several  hundred  times  its  volume  of  water,  starch  mucilage  is  obtained,  which 
strikes  a  blue  colour  with  iodine.  If  to  a  small  quantity  of  this  starch  a  sufficient  amount  of 
saliva  be  added,  and  the  mixture  kept  for  some  time  at  the  temperature  ot  the  body,  the  blue 
colour  disaniears.    (2)  The  presence  of  sugar  is  proved  directly  by  using  the  tests  for  sugar 

(If  The  action  takes  place  more  slowly  in  the  cold  than  at  the  temperature  of  the  body--its 
action  is  enfeebled  atSö"  C,  and  destroyed  at  75°  C.  {Pasclmtin).    The  most  favourable 

(S'The  ptya^n  itseK  do^es  not  seem  to  be  changed  during  its  action  but  ptyalin  which  has 
been  used  fui  one  experiment  is  less  active  when  used  the  second  time  {Pasclmtin) 

Ptvalin  differs  from  diastase -the  ferment  in  germinating  grams-m  so  far  that  the  lattei 
first  begins  to  act  at  +  66°  C.    Ptyalin  decomposes  salicin  into  sahgenm  and  grape-sugar 

^^['zV'falivricSesUn  an  exactly  neutral  medium,  but  it  also  acts  m  an  alkaline  and  even  in  a 
slil  tlv  acid  fluid  ;  strong  acidity  prevents  its  action.  The  ptyalin  is  only  active  m  the  stomach 
S  thracidity  is  due  t"o  orgalicadds  (lactic  or  butyric),  and  not  when  free  hydrochloric  acid 
Ts  iH^sent  (.^^^^^^^  Velde).  In  both  cases,  however,  dextrin  is  formed.  Ptyalin  is  destroyed  by 
hvdrochlm-icTcid  or  digestion  by  pepsin  {Chittenden  and  Grisioold,  Langley).  Even  butyric 
S  acids  formed"  from  gr^pe  iugar  in  the  stomach  may  prevent  its  action  ;  but  if  .the 

aciditv  be  neutralised,  the  action  is  resumed  (CT.  ^emarrf).  ■,  ,  .  ^  ^ 

(c  The  addition  of' common  salt,  ammonium  chloride,  or  sodium  sulphate  (4  per  cent,  sohi- 
tion  ^icreases  the  activity  of  the  ptyalin,  and  CO,,  acetate  of  quinine,  strychnia,  morphia, 
curare  0-025  per  cent,  sulphuric  acid,  have  the  same  ettect.  ^   ^r,     •  i 

m  Much  aLhol  and  caustic  potash  destroy  the  ptyalin  :  long  '^V^^^'''' ^  ^Z^  ^'^^^^^^ 
its  action,  sodium  carbonate  and  magnesium  sulphate  delay  the  action  {Pfeiffer).  Salicylic 
acid  and  much  atropin  arrest  the  formation  of  sugar.  o  +    q  i. 

(a)  Ptyal  n  acts  very  feebly  and  very  gradually  upon  raw  starch,  on  y  after  2  to  3  hours 
(^S!l#)  ;  wWle  upon  boiled  starch  it  acts  rapidly.    [Hence  the  necessity  for  boihng  thoroughly 

""^fÄ  various  kinds  of  starch  are  changed  more  or  less  rapidly  according  to  the  amount  of 
celllsrwhTcrthey  contain  ;  raw  potato  starch  after  2  to  3  hours,  raw  maize  starch  after  2  to 
3  Sutes  (^Lmi-.^..0  ;  wheat  starch  more  quickly  than  that  of  rice.    When  the  starches 

^in"  J^ttSÄgSM^^^^^  than  the  saliva  from  any  single 

r?,^  ^^^i^,  SStments,  is  hindered  by  the  products  of  its  own  action 
As  the  sugar  accillxk^  the  action  of  the  ptyalin  is  slowed  or  arrested.  If  the  sugar  formed 
bp  removed  the  ptvalin  again  acts  on  the  remainder  of  the  starch.  J  ,  ■     •   j  ^. 

[eS  of  TeJ-Tea  has  an  intensely  inhibitory  effect  on  salivary  digestion,  which  is  du  to 
the  lame  Quantity  of  tannin  contained  in  the  tea-leaf.    Coffee  and  cocoa  have  only  a  slight 
effect  on  sa^T  digestion.    The  only  way  to  mitigate  the  inhibitory  eftect  of  tea  on  salivary 
dflestiont  ''  /ot^t^^^       the  beverage  with  the  meal,  but  to  eat  first  and  drink  afterwards 
{Roberts^.] 

149  TESTS  FOR  STIGAK.— 1.  Trommer's  test  depends  upon  the  fact  that,  in 
alkaline  solutions,  sugar  acts  as  a  reducing  agent;  in  this  case  a  metalhc  oxide  is 
changed  into  a  suboxide.  To  the  fluid  to  be  investigated,  acid  J  of  its  volume  of 
a  sohition  of  caustic  potash  (soda),  specific  gravity  1-25,  and  a  few  drops  of  a  weak 
solution  of  cupric  sulphate,  which  causes  at  first  a  bluish  precipitate  consisting  of 
hydrated  cupric  oxide,  but  it  is  redissolved,  giving  a  clear  blue  fluid,  if  sugar  be 
present.  Heat  the  upper  stratum  of  the  fluid,  and  a  yellow  or  red  ring  of  cuprous 
oxide  is  obtained,  which  indicates  the  presence  of  sugar  ;  2CuO  -  Ü  =  Ui^O. 

The  solution  of  hydrated  cupric  oxide  is  caused  by  other  organic  substances  ;  but  the  final 
stage%i  thTproduition  of  cuprous  oxide,  is  obtained  only  with  certain  sugars-grape-,  fruit- 
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and  milk-  (but  not  cane-)  sugar.  Fluids  whicli  are  turbid  must  be  previously  filtered,  aud  if 
they  are  highly  coloured,  they  must  be  treated  with  basic  lead  acetate  ;  the  lead  acetate  is  after- 
wards removed  by  the  addition  of  sodium  phosphate  and  subsequent  hltration  If  very  small 
duantities  of  sugar  are  present  along  with  compounds  of  ammonia  a  yellow  colour  instead  of  a 
yellow  precipitate  may  be  obtained.  In  doing  the  test,  care  must  be  taken  not  to  add  too  much 
cupric  sulphate. 

[2.  Fehling's  Solution  is  an  alkaline  solution  of  potassio-tartrate  of  copper. 
Boil  a  small  quantity  of  the  deep-blue-coloured  Feliling's  solution  in  a  test-tube, 
and  add  to  the  boiling  test  a  few  drops  of  the  fluid  supposed  to  contain  the  sugar. 
If  sugar  be  present,  the  copper  solution  is  reduced,  giving  a  yellow  or  reddish  pre- 
cipitate. The  reason  for  boiling  the  test  itself  is,  that  the  solution  is  apt  to 
decompose  when  kept  for  some  time,  when  it  is  precipitated  l)y  heat  alone.  This 
is  one  of  the  best  and  most  reliable  tests  for  the  presence_  of  sugar.  In  Pavy's 
modification  of  this  test,  ammonia  is  used  instead  of  a  caustic  alkali  (§  267).] 

(3)  Bottger's  Test.— Alkaline  bismuth  oxide  solution  is  best  prepared,  according  toNylander, 
as  follows  -—2  grms.  bismuth  subnitrate,  4  grms.  potassic  and  sodic  tartrate,  100  grms. 
caustic  soda  of  8  per  cent.  Add  1  c.c.  to  every  10  c.c.  of  the  fluid  to  be  investigated.  AVhen 
boiled  for  several  minutes,  the  sugar  causes  the  reduction  and  deposits  a  black  precipitate  ot 
metallic  bismuth.  [According  to  Salkowski  the  urine  of  a  person  taking  rhubarb  gives  the 
same  reaction  with  this  test.]  .  , 

(4)  Moore  and  Heller's  Test. —Caustic  potash  or  soda  is  added  until  the  mixture  is  strongly 
alkaline  ;  it  is  afterwards  boiled.  If  sugar  be  present,  a  yellow,  brown,  or  brownish-black  colora- 
tion is  obtained.    If  nitric  acid  be  added,  the  odour  of  burned  sugar  (caramel)  and  formic  acid 

(^5)  Mulder  and  Neubauer's  Test.  — A  solution  of  indigo-carmine,  rendered  alkaline  with  sodic 
carbonate,  is  added  to  the  sugar  solution  until  a  slight  bluish  colour  is  obtained.  \\  hen  the 
mixture  is  heated,  the  colour  passes  into  purple,  red,  and  yellow.  When  shaken  Avith  atmo- 
spheric air,  the  fluid  again  becomes  blue.  -.IT  W 

Molisch's  Test.— To  0  c.cm.  of  the  fluid  add  2  drops  of  a  17  per  cent,  alcoholic  solution 
of  a-naphthol,  or  a  solution  of  thymol.  Add  1  to  2  c.cm.  of  concentrated  sulphuric  acid, 
and  shake  the  mixture.  The  presence  of  sugar  colours  the  a-naphthol  mixture  deep  violet, 
the  thymol  deep  red.  The  subsequent  addition  of  water  causes  a  precipitate  of  similar  colour, 
which  is  insoluble  in  concentrated  hydrochloric  acid.  Albumin,  casein,  and  peptone  give  the 
same  reaction  {Seegen),  but  the  deposit  on  the  addition  of  water  is  soluble  in  concentrated 
hydrochloric  acid. 

Other  tests,  including  the  Phenyl-hydrazin  test,  are  described  in  §  2b7. 

In  all  cases  where  albumin  is  present  it  must  be  removed— in  urine  by  acidulating  with  acetic 
acid  and  boiling  ;  in  blood,  by  adding  four  times  its  volume  of  alcohol  and  afterwards  filtering, 
while  the  alcohol  is  expelled  by  heat.  [If  peptone  be  present  the  cuprous  oxide  may  not  be 
precipitated  on  boiling.  The  mixture  must  be  evaporated  down,  the  sugar  dissolved  out  by 
alcohol,  and  the  test  for  sugar  applied  to  a  watery  solution  of  the  alcoholic  extract.] 

150.  QUANTITATIVE  ESTIMATION  OF  SUGAK.— I.  By  Fermentation.— In  the  glass 
vessel'(fig.  187,  a)  a  measured  quantity  (20  c.cm.)  of  the  fluid  (sugar)  is  placed  along  with  some 

yeast,  while  h  contains  concentrated  sulphuric  acid.    The  — ^  — ^   ^ 

whole  apparatus  is  then  weighed.  When  exposed  to  a  suffi- 
cient temperature  (10'  to  40°  C),  the  sugar  splits  into  2 
molecules  of  alcohol  and  2  of  carbon  dioxide, 


2(aHfiO) 
2  alcohol 


+  2(C0,), 
+  2  carbon  dioxide ; 


Grape-sugar 

and  in  addition  there  are  formed  traces  of  glycerin  and  suc- 
cinic acid.  The  COo  escapes  from  h,  and  as  it  passes  through 
the  H.^S04,  the  COo  yields  to  the  latter  its  water.  The 
apparatus  is  weighed  after  two  days,  when  the  reaction  is 
ended,  and  the  amount  of  sugar  is  calculated  from  the  loss  of 
weight  in  the  20  c.cm.  of  fluid.  100  parts  of  water-free 
sugar  =  48-89  parts  00^,  or  100  parts  CO.,  correspond  to 

204 -54  parts  of  sugar.  ,  ^  n  xi, 

II.  Titration.— By  means  of  Fehling's  solution,  which  is  made  of  such  a  strength  that  all  the 
copper  in  10  cubic  centimetres  of  the  solution  is  reduced  by  0-05  grams  of  grape-sugar 

in.^  Circnmpolarisation.  — The  saccharimeter  of  Soleil-Ventzke  may  be  used  io  determine  the 
amount  of  sugar  present.    It  may  also  be  used  for  the  quantitative  estimation  of  albumin. 


Fig.  187. 

Apparatus  for  the  quantitative 
estimation  of  sugar  by  fer- 
mentation. 


Sugar  rotates  the  ray  of  polarised  light  to  the  right  and  albumin  to  the  left. 


The  amount  ot 
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rotation,  or  "specific  rotatory  power,"  is  directly  propoitional  to  the  amount  of  the  rotating 
substance  present  in  the  solution,  so  that  the  amount  of  rotation  of  the  ray  indicates  the  amount 
of  the  substance  present.  By  the  term  "specific  rotatory  power"  is  meant  the  degree  of 
rotation  which  is  produced  by  1  grm.  of  the  substance  dissolved  in  1  c.cm.  of  water,  when 
examined  in  a  layer  1  decimetre  thick.  For  yellow  light  the  specific  rotation  of  grape-sugar  is 
+  56°. 

In  fig.  188  the  light  from  the  lamp  falls  upon  a  crystal  of  calc-spar.  Two  Nicol's  prisms  are 
placed  at  v  and  s,  v  is  movable  round  the  axis  of  vision,  Avhile  s  is  fixed.    In  m  Soleil's  double 


Fig.  188. 

Soleil-Ventzke's  polarisation  apparatus. 

plate  of  quartz  is  placed,  so  that  one-half  of  it  rotates  the  ray  of  polarised  light  as  much  to  the 
right  as  the  other  rotates  it  to  the  left.  In  n  the  field  of  vision  is  covered  by  a  plate  of  left- 
rotatory  quartz.  At  &  c  is  the  comj)cnsator,  composed  of  two  right-rotatory  prisms  of  quartz, 
Avhich  can  be  displaced  laterally  by  the  milled  head,  g,  so  that  the  polarised  light  passing 
through  the  apparatus  can  be  made  to  pass  through  a  thicker  or  thinner  layer  of  quartz.  When 
these  right-rotatory  prisms  are  placed  in  a  certain  position,  the  rotation  of  the  left-rotatory 
quartz  at  n  is  exactly  neutralised.  In  this  position  the  scale  on  the  compensator  has  its  nonius 
exactly  at  o,  and  both  halves  of  the  double  plate  at  m  appear  to  have  the  same  colour  to  the 
observer,  who  from  v  looks  through  the  telescope  placed  at  e.  Rotate  the  Nicol's  prism  at  v 
until  a  bright  rose-coloured  field  is  obtained.  In  this  position  the  telescope  must  be  so  adjusted 
that  the  vertical  line  bounding  the  two  halves  shall  be  distinctly  visible.  The  apparatus  is  now 
ready  for  use. 
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Fill  a  tube  1  decimetre  in  length,  with  urine  pontaining  sugar  or  albumin  the  urine  being 
perfects  dea!!-  Th  tube  is  placed  between  m  and  n.  By  rotating  the  Nicol  s  prisms,  v  he 
?o  co  Lr  iraaain  obtai^^  The  compensator  at  ^  is  then  rotated  un  il  both  halves^  0  e 
field  of  V  sion  have  exactly  the  same  colour.  When  this  is  obtained  read  off  on  the  scale  the 
number  of  dTsreel  the  nonius  is  displaced  to  the  right  (sugar)  or  to  the  left  (albumin)  from  zero. 
?r  nulS^of  dearee^  the  number  of  grams  of  t\^e  rotating  substance 

p  eseni  hi  00  c  c  of  the  fluid.  If  the  fluid  is  very  dark  coloured,  it  must  be  deco  orised  by 
fl  teS^io-\t  through  animal  charcoal  {Seegen),  [or  the  colouring  matter  may  be  precipitated  by  the 
SdS  of  lead  fce^a^^^^^^^^  If  the  sugary  urine  contains  albumin,  the  latter  must  be  removed  by 
boil  iTand  fi  W^^^  turbidity  not  removed  by  filtration  may  be  got  rid  of  by  adding  a  drop 
of  t  fic  acid  0  seveml  drop  of  sodic  carbonate  o?  ndlk  of  lime,  and  afterwards  hltering.  One 
Ifa^-  emp^^^^^^  of  Mitscherlich,  or  the  "  half-shadow  apparatus    ot  Laurent.] 

151.  MECHANISM  OF  THE  DIGESTIVE  APPARATUS. -This  embraces 

the  following  acts : —  „    ,    1  ^    £  xi  ^ 

1.  The  introduction  and  mastication  of  the  food;  the  movements  of  the  tongue, 

insalivation;  formation  of  the  bolus  of  food. 

2.  Deghitition.  • 

3.  The  movements  of  the  stomach,  small  and  large  intestine. 

4.  The  excretion  of  fsecal  matters. 

152  INTRODUCTION  OF  THE  FOOD. — Fluids  are  taken  into  the  mouth  ni 
three  ways  :— (1)  By  suction,  the  lips  are  applied  air-tight  to  the  vessel  containing 
the  fluid  while  the  tongue  is  retracted  (the  lower  jaw  being  often  depressed)  and 
acts  like'  the  piston  in  a  suction-pump,  thus  causing  the  fluid  to  enter  the  mouthy 
Herz  found  that  the  negative  pressure  caused  by  an  infant  while  sucking  =  Ö  to  IÜ 
mm  Ho-  (2)  The  fluid  is  lapped  when  it  is  brought  into  direct  contact  with  the 
lips  ancl  is  raised  by  aspiration  and  mixed  with  air  so  as  to  produce  a  characteristic 
sound  in  the  mouth.  (3)  Fluid  may  be  poured  into  the  mouth,  and  as  a  general 
rule,  the  lips  are  applied  closely  to  the  vessel  containing  the  fluid. 

Solids  when  they  consist  of  small  particles,  are  hcked  up  with  the  lips,  aided  by 
the  movements  of  the  tongue.  In  the  case  of  large  masses,  a  part  is  bitten  off"  with 
the  incisor  teeth,  and  is  afterwards  brought  under  the  action  of  the  molar  teeth  by 
means  of  the  lips,  cheeks,  and  tongue. 

153  MASTICATION.— The  process  of  mastication  is  a  complicated  co-ordinate 
muscular  act  carried  out  under  the  direction  of  the  central  nervous  system,  with  the 
aid  of  guiding  sensations  originating  in  the  structures  of  the  mouth. 

The  articulation  of  the  jaw  is  provided  with  an  interarticular  cartilage-the  meniscus -which 
prevents  direct  pressure  being  made  upon  the  articular  surface  when  thejaws^are  energeh^^^^^^^^^^^ 
closed,  and  which  also  divides  the  joint  into  two  cavities,  one  lying  over  the  other  l/ie  ^apsule 
is  so  lax  that,  in  addition  to  the  raising  and  depressing  of  the  lower;aw,  it  permits  of  the  lower 
jaw  being  displaced  forwards,  whereby  the  meniscus  moves  with  it,  and  covers  the  articulai 

The  process  of  mastication  embraces  :— (a)  The  elevation  of  the  jaw,  accom- 
phshed  by  the  combined  action  of  the  Temporal,  Masseter,  and  Internal  Pterygoid 
Muscles.  If  the  lower  jaw  was  previously  so  far  depressed  that  its  articular  surface 
rested  upon  the  tubercle,  it  now  passes  backwards  upon  the  articular  surface 

(b)  The  depression  of  the  lower  jaw  is  caused  by  its  own  weight,  aided  by  the 
action  of  the  anterior  bellies  of  the  Digastrics,  the  Mylo-  and  Genio-hyoid  and 
Platysma.  The  muscles  act  especially  during  forcible  opening  of  the  mouth,  ihe 
necessary  fixation  of  the  hyoid  bone  is  obtamed  through  the  action  of  the  Omo-  and 
Sterno-hyoid,  and  by  the  Sterno-thyroid  and  Thyro-hyoid. 

When  the  articular  surface  of  the  lower  jaw  passes  forwards  on  to  the  tubercle,  the  External 
Pterygoids  actively  aid  in  producing  this  {Berard). 

(c)  Displacement  of  the  Articular  Surfaces.— During  rest,  when  the  mouth  is 
closed  the  incisor  teeth  of  the  lower  jaw  are  within  the  arch  of  the  upper  mcisors. 
When  in  this  position  the  jaw  is  protruded  by  the  External  Pterygoids,  whereby  the 
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articular  surface  passes  onto  the  tul^ercle  (and,  therefore,  downwards),  wliile  the  lateral 
teeth  are  thereby  sejjarated  from  each  other.  The  jaw  is  retracted  by  the  Internal 
Pterygoids  without  any  aid  from  the  posterior  fibres  of  the  Temporals.  When  one 
articular  surface  is  carried  forwards,  the  jaw  is  protruded  and  retracted  by  the  Exter- 
nal and  Internal  Pterygoid  of  the  same  side.  At  the  same  time,  there  is  a  trans- 
verse movement,  whereby  the  back  teeth  of  the  protruded  side  are  separated  from 
each  other. 

During  mastication,  the  individual  movements  of  the  lower  jaw  are  variously  com- 
bined, and  especially  with  lateral  grinding  movements,  while  the  food"  to  be 
masticated  is  kept  from  passing  outwards  by  the  action  of  the  muscles  of  the  lips 
(Orbicularis  oris)  and  the  Buccinators,  while  the  tongue  continually  pushes  the 
particles  between  the  molar  teeth.  The  energy  of  the  muscles  of  mastication  is 
regulated  by  the  sensibility  of  the  teeth,  and  tlie  muscular  sensibility  of  the 
muscles  of  mastication,  as  well  as  by  the  general  sensibility  of  the  mucous  mem- 
brane of  the  mouth  and  lips.  At  the  same  time,  the  mass  is  mixed  with  saliva,  the 
divided  particles  cohere,  and  are  formed  into  a  mass  or  bolus,  of  a  long,  oval  shape, 
])y  the  muscles  of  the  tongue.  The  bolus  then  rests  on  the  back  of  the  tongue, 
ready  to  be  swallowed. 

Nerves  of  Mastication. — The  muscles  of  mastication  receive  their  motor  nerves  from  the  third 
branch  of  the  trigeminus,  the  m ylo-liyoid  and  the  anterior  belly  of  the  digastric  being  supplied 
from  the  same  source.  The  genio-,  omo-,  and  sterno-hyoid,  sterno-thyroid,  and  thyro-hyoid 
are  supplied  by  the  hypoglossal,  while  the  facial  supplies  the  posterior  belly  of  the  digastric,  the 
stylo-hyoid,  the  platysma,  the  buccinator,  and  the  muscles  of  the  lips.  The  general  centre  for 
the  muscles  of  mastication  lies  in  the  medulla  oblongata  (§  367). 

When  the  mouth  is  closed,  the  jaws  are  kept  in  contact  by  the  pressure  of  the  air,  as  the 
cavity  of  the  mouth  is  rendered  free  from  air,  and  the  entrance  of  air  is  prevented  anteriorly 
by  the  lips  and  posteriorly  by  the  soft  palate.  The  pressure  exerted  by  the  air  is  from  2  to  4 
mm.  Hg.  [Mctzgcr  and  Bonders). 

[Effect  on  the  Circulation. —Marey  found  that  mastication  trebled  the  velocity  of  the  blood- 
current  in  the  carotid  (horse),  while  Francois-Frank  observed  that  the  circulation  of  the  brain 
(in  man)  is  increased;  hence  it  is  evident  that  mastication  implies  an  increased  supply  of  blood 
to  the  nerve-centres.] 

154.*  STRUCTURE  AND  DEVELOPMENT  OF  THE  TEETH.— [Each  tooth 
consists  of  a  portion  above  the  gum  and  termed  the  crown,  a  part  imbedded  in  the 
gum,  the  fang,  and  a  narrow  neck  connecting  these  two.]  A  tooth,  is  just  a  papilla 
of  the  mucous  membrane  of  the  gum,  which  has  undergone  a  characteristic 
development.  In  its  simplest  form,  as  in  the  teeth  of  the  lamprey,  the  connective- 
tissue  basis  of  the  papilla  is  covered  with  many  layers  of  corneous  epithelium.  In 
human  teeth,  part  of  the  papilla  is  transformed  into  a  layer  of  calcified  dentine, 
Avhile  the  epithelium  of  the  papilla  produces  the  enamel,  the  fang  of  the  tooth  being 
covered  by  a  thin  accessory  layer  of  bone,  the  crusta  petrosa  or  cement. 

The  dentine  or  ivory  which  surrounds  the  pulp-cavity  and  the  canal  of  the  fang 
(fig.  189)  is  very  firm,  elastic,  and  brittle.  Dentine,  like  the  matrix  of  bone,  when 
treated  in  a  certain  way,  presents  a  fibrillar  structure.  It  is  permeated  by  innu- 
merable long,  tortuous,  wavy  tubes — the  dentinal  tubules — each  of  which  com- 
municates with  the  pulp-cavity  by  means  of  a  fine  opening,  and  passes  more  or  less 
horizontally  outwards  as  far  as  the  outer  layers  of  the  dentine.  The  tubules  are 
bounded  by  an  extremely  resistant,  thin,  cuticular  membrane,  which  strongly 
resists  the  action  of  chemical  reagents.  Tliese  tubules  are  filled  completely  by  soft 
fibres,  the  ''fibres  of  Tomes,"  which  are  merely  greatly  elongated  and  branched 
processes  of  the  odontoblasts  of  the  pulp. 

The  dentinal  tubules,  as  well  as  the  fibres  of  Tomes,  anastomose  throughout 
their  entire  extent  by  means  of  fine  processes.  As  the  fibres  approach  the  enamel, 
which  they  do  not  penetrate,  some  of  them  bend  on  themselves,  and  form  a  loop 
(fig.  192,  c),  whilst  others  pass  into  the  "  interglobular  spaces"  (fig.  191),  which 
are  so  abundant  in  the  outer  part  of  the  dentine.    The  interglobular  spaces  are 
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small  spaces  bounded  by  curved  surfaces.    Certain  cnrved  lines,  "  Schreger's 

lines,"  may  Ije  detected  with  the  naked  eye  m  the 
dentine  (e.r/.,  of  the  elephant's  tusk)  running  parallel 


Fig.  189.  Fig.  190. 

Fio-.  189.— Longitudinal  section  of  an  incisor  tooth.    Fig.  190.— Transverse  section  of  dentine. 
"  The  lio-ht  nngs  are  the  walls  of  the  dentinal  tubules  ;  the  dark  centres  with  the  light  points 
are  the  fibres  of  Tomes  lying  in  the  tubules.    Fig.  191. —Interglobular  spaces  in  dentine. 

with  the  contour  of  the  tooth.  They  are  caused  by  the  fact  that  at  these  parts  all 
the  chief  curves  in  the  dentinal  tubules  follow  a  similar  course. 

The  enamel,  the  hardest  substance 
in  the  body  (resembling  apatite),  covers 
the  crown  of  the  teeth.    It  consists  of 


Fig.  192.  F'g-  19^- 

Fig.  192.— Section  of  a  tooth  between  the  dentine  and  enamel,    a,  enamel  ;  c,  dentinal  tubules 
°  B,  enamel  prisms  highly  magnified  ;  O,  transverse  sections  of  enamel  prisms.  Fig. 
Transverse  section  of  the  fang.    «,  cement  with  bone-corpuscles  ' 
c,  boundary  between  both, 
hexagonal  flattened  prisms  arranged  side  by  side  like  a  palisade  (fig.  192,  B  and 


193.— 
b,  dentine  with  tubules  ; 
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C).  They  are  3  to  5  fx  (-oVo  ii^^li)  broad,  not  quite  uniform  in  thickness,  curved 
slightly  in  different  directions,  and,  owing  to  inequalities  of  thickness,  they 
exhibit  transverse  markings.  Tbey  are  elongated  calcified,  cylindrical,  epithelial 
cells.  Ketzins  described  dark-brown  lines  running  parallel  with  the  outer  boundary 
of  the  enamel,  due  to  the  presence  of  pigment  (fig.  189).  The  fully-formed 
enamel  is  negatively  doubly  refractive  and  uniaxial,  while  the  developing  enamel 
is  positively  doubly  refractive  {Hoppe-Seijler). 

The  cuticula  or  Nasmyth's  membrane  covers  the  free  surface  of  the  enamel  as 
a  completely  structureless  membrane  1  to  2  /x  thick,  but  in  quite  young  teeth  it 
exhibits  an  epithelial  structure,  and  is  derived  from  the  outer  epithelial  layer  of 
the  enamel  organ. 

The  cement  or  crusta  petrosa  is  a  thin  layer  of  bone  covering  the  fang  (fig. 
193,  a).  The  bone  lacunee  communicate  directly  with  the  dental  tubules  of  the 
fang.  Haversian  canals  and  lamellae  are  only  found  where  the  layer  of  cement  is 
thick,  and  the  former  may  communicate  with  the  pulp-cavity.  Very  thin  layers  of 
cement  may  be  devoid  of  bone-corpuscles.  Sharpey's  fibres  occur  in  the  cement 
of  the  dog's  tooth  ;  Avhile  in  the  horse's  tooth  single  bone-corpuscles  are  surrounded 
by  a  capsule.  In  the  periodontal  membrane,  which  is  just  the  periosteum  of 
the  alveolus,  coils  of  blood-vessels  similar  to  the  renal  glomeruli  occur.  They 
anastomose  with  each  other,  and  are  surrounded  by  a  delicate  capsule  of  con- 
nective-tissue. 

The  pulp  in  a  fully-grown  tooth  represents  the  remainder  of  the  dental  papilla 
around  which  the  dentine  was  deposited.    It  consists  of  a  very  vascular  indis- 


Fig.  194. 

A.— Vertical  section  of  the  jaw  of  a  slieep  embryo  x  40.  1,  dental  furrow  ;  2,  dental  ridge  ; 
3,  enamel  germ.  B. — Transverse  section  of  the  lower  jaw  of  a  four  months'  human  foetus 
X  40.  1,  dental  ridge  ;  2,  stalk  of  the  enamel  organ  ;  3,  enamel  organ  ;  a,  peripheral  cells, 
h,  germ  pulp  ;  c,  cylindrical  cells  of  enamel ;  4,  papilla.  C. — a,  dental  ridge  ;  h,  enamel 
organ  with  (1)  outer  epithelium,  (2)  middle  stellate  layer,  (3)  enamel  prism-cell  layer; 
c,  dentine  germ  with  blood-vessels,  and  the  long  osteoblasts  on  the  surface  ;  d,  tooth-sac  ; 
e,  secondary  enamel  germ. 

tinctly  fibrillar  connective  tissue,  laden  with  cells.  The  layers  of  cells,  resembling 
epithelium,  which  lie  in  direct  contact  with  the  dentine,  are  called  odontoblasts, 
i.e.,  those  cells  which  build  up  the  dentine.  These  cells  send  off  long  branched 
processes  into  the  dentinal  tubules,  whilst  their  nucleated  bodies  lie  on  the  surface 
of  the  pulp,  and  form  connections  by  processes  with  other  cells  of  the  pulp  and 
with  neighbouring  odontoblasts.  iSTumerous  non-medullated  nerve-fibres  (sensory 
from  the  trigeminus),  whose  mode  of  termination  is  unknown,  occur  in  the  pulp. 

The  periosteum  or  periodontal  membrane  of  the  fang  is,  at  the  same  time,  the 
alveolar  periosteum,  and  consists  of  connective  tissue  with  elastic  fibres  and  many 
nerves. 
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Chemistry  of  a  Tooth.-The  teeth  consist  of  a  gelatine-yielding  matrix  mhltrnted  with  calcium 
phospTate^nd  carbonate  (like  bone).    (1)  The  dentine  ^^nU^-^-^^^^^^^ 
Calcium  phosphate  and  carbonate,  72-06;  magnesium  phosphate,  0  75;  with  ti aces  ot  iion, 

^'f27The'lÄ^m'ta^  organic  proteid  matrix  allied  to- the  substance  of  epithelium.  .  It 

coiits  of  3  60  o^Tic  matter  and  96-Jo  of  calcium  phosphate  and  carbonate  I'OS  magnesium 
ph^phate,  with  tiaces  of  calcium  fluoride  and  an  insoluble  chlorine  compound. 

!^e~:^J^J:^öS--^^s,  very  vascular,  and  often  provided  with  long  vascular 

^^&p'Ä  Ä-rÄ  the  end  of  the  second  month  of  f.tal  life  Along 
the  whole  lenc^th  of  the  fcetal  gum  is  a  thick  projecting  ridge  composed  of  many  layers  of 
epitheUum  (fe  194  A).  A  depression,  the  dental  groove,  also  filled  with  epithelium  occurs 
iTthe  aum  and  runs  along  under  the  ridge.  The  dental  groove  becomes  deeper  throughout  its 
entire  fength  and  on  transverse  section  presents  the  appearance  of  a  dilated  fiask  while  at  the 
san  timf  t\s  filled  with  elongated  epithelial  cells,  which  form  the  "  enamel  organ,  or 
«'common  enamel  germ."  A  conical  papilla  the  "  dentine  g-rn  grovvs  up  from  the  nnicous 
tissue  of  which  the  gum  consists,  towards  the  enamel  organ  (figs.  194  B,  194  C),  so  that  the 
apex  of  the  papilla  comes  to  have  the  enamel  organ  resting  upon  it  like  a  double  cap.  After- 
Ss  owing  to  the  development  of  connective  tissue,  the  parts  of  the  enamel  organ  lying 
LtweenZr  uniting  the  individual  dentine  germs,  disappear,  and  graduaUy  the  connective- 
tissue  forms  a  tooth  sac  enclosing  the  papilla  and  its  enamel  organ  (fig.  194  A,  6). 

Xse  epithelial  cells  (figs.  194^  B,  3.  194  C)  of  the  enamel  organ,  which  he  next  the  top  of 
the  rpilk,  are  cylindrical^  and  become  calcified  to  form  enamel  prisms.  The  layer  of  cells  of 
the  double  cap,  which  is  directed  towards  the  tooth-sac,  becomes  flattened,  fuses,  undergoes  a 


Dental  Sac. 


^ Outer  layer. 
"^^ Inner  layer. 

Dentine. 
Odontoblasts. 


Papilla.  - 


( 

j  Spherical  elements 
with  blood-vessels. 


Periijheral  flat 

cells. 
Enamel  pulp. 
Enamel  cells. 
Enamel. 


Enamel 
organ. 


Bone  of  the  louver  j 


er  jaw.<|^ 


Fig.  195. 

Transverse  section  of  the  lower  jaw  of  a  new-born  dog  x  40.  The  dental  sac  is  shown  only  on 
the  left  side.  The  tissues  originating  from  connective  tissue  are  shown  on  the  left,  and 
those  of  epithelial  origin  on  the  right, 
horny  transformation,  and  becomes  the  cuticula,  whilst  the  cells  which  lie  between  both  layers 
undergo  an  intermediate  metamorphosis,  so  that  they  come  to  resemble  the  branched  stellate 
cells  o^f  the  mucous  tissue,  and  gradually  disappear  altogether.  _ 

The  dentine  is  formed  in  the  most  superficial  layer  of  the  projecting  connective  tissue  ot  the 
dental  papilla,  owing  to  the  calcification  of  the  continuous  layer  of  odontoblasts  which  occur 
there  (hvt  194  C,  195).  During  the  process,  fibres  or  branches  of  these  cells  are  lett  nn- 
affected,°and  remain  as  the  fibres  of  Tomes.  Exactly  the  same  process  occurs  as  in  the  forma- 
tion of  bone,  the  odontoblasts  forming  around  themselves  a  calcified  matrix.  Ihe  cement  is 
formed  from  the  soft  connective-tissue  of  the  dental  alveolus. 

Dentition.— During  the  development  of  the  first,  temporary  or  milk-teeth  a 

special  enamel  organ  (fig.  194,  c)  is  formed  near  these,  but  it  does  not  nndergo 
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development  until  the  milk-teeth  are  shed;  even  the  papilla  is  wanting  at  first. 
When  the  permanent  tooth  begins  to  develop,  it  opens  into  the  alveolar  wall  of 
the  milk-teeth  from  below.  The  tissue  of  this  dental  sac  causes  erosion,  or  eating 
away  of  the  fang  and  even  of  the  body  of  the  milk-teeth,  Avithout  its  blood- 
vessels undergoing  atrophy.  The  chief  agents  in  the  absorption  are  the  amoeboid 
cells  of  the  granulation  tissue.  [Multinuclear  giant-cells  also  erode  the  fangs  of 
the  teeth.  The  little  cavities  in  which  the  large  osteoclasts  lie  are  known  as 
Howship's  lacunae  or  fovese.] 

Eruption  of  the  Milk-Teeth. — The  following  is  the  order  in  which  the  twenty 
milk-teeth  cut  the  gum,  i.e.,  from  the  seventh  month  to  the  second  year : — Lower 
central  incisors,  upper  central  incisors,  ujiper  lateral  incisors,  lower  lateral  incisors, 
first  molar,  canine,  the  second  molars. 

[The  figures  indicate  in  months  the  period  of  eruption  of  each  tooth,] 


:\Io]avs. 

Canines. 

Incisors. 

Canines. 

]\Iolars. 

24  12 

18 

9  7  7  9 

18 

12  24 

[The  permanent  teeth  succeed  the  milk-teeth,  the  process  beginning  about  the 
seventh  year.  Ten  teeth  in  each  jaw  take  the  place  of  the  milk-teeth,  while  six 
teeth  appear  further  back  in  each  jaw,  Tlius  the  total  number  of  permanent 
teeth  is  thirty-two.  As  tlie  sacs,  from  which  the  permanent  teeth  are  developed, 
are  formed  before  birth,  they  merely  undergo  the  same  process  of  development  as 
the  temporary  teeth,  only  at  a  much  later  period.  The  last  of  the  permanent 
molars — the  ivisdom-tootli — may  not  cut  the  jaw  until  the  seventeenth  to  the  twenty- 
fifth  year.  At  the  sixth  year  the  jaw  contains  the  largest  number  of  teeth,  as  all 
the  temporary  teeth  are  present,  and,  in  addition,  the  crowns  of  all  the  permanent 
teeth,  except  the  wisdom-teeth,  making  forty-eight  in  all  (fig.  196).] 

[Eruption  of  Permanent  Teeth.— The  age  at  which  each  tooth  cuts  the  gum  is 
given  in  years  in  the  following  tal)le  : — 


Molars. 

Biscuspid. 

Canines. 

Incisors. 

Canines. 

Biscrispid. 

Molars. 

17  12 
to    to  6 
25  13 

10  9 

11  to  12 

8  7  7  8 

11  to  12 

9  10 

12  17 

6  to  to 

13  25 

[Action  of  Drugs  on  the  Teeth. — All  the  conditions  for  putrefaction  are  present  in  the  mouth ; 
and  when  putrefaction  occurs,  the  products  (often  acid)  attack  the  dentine  and  hasten  its  decay. 
Hence,  the  necessity  for  thorough  daily  cleansing  of  the  teeth  and  mouth.  The  teeth  may  be 
cleaned  by  means  of  a  soft  tooth-brush  and  water,  with  or  without  the  use  of  any  of  the 
numerous  dentrifices,  such  as  powdered  chalk  or  charcoal.  Astringents  such  as  catechu  and 
areca-nut  are  sometimes  used.  Mineral  acids  attack  the  teeth,  and  ought  when  taken  to  be 
sucked  through  a  tube,] 

155,  MOVEMENTS  OF  THE  TONGUE,— The  tongue,  being  a  muscular 
organ,  and  extremely  mobile,  plays  an  important  part  in  the  process  of  mastica- 
tion : — (1)  It  keeps  the  food  from  passing  from  between  the  molar  teeth,  (2)  It 
forms  into  a  bolus  the  hnely-divided  food  after  it  is  mixed  with  saliva,  (3)  When 
the  tonp^ie  is  raised,  the  bolus  lying  on  its  dorsum  is  pushed  backwards  into  the 
pharynx  and  oesophagus. 

The  course  of  the  fibres  is  threefold — longitudinally,  from  base  to  tip ; 
transversely,  the  fibres  for  the  most  part  proceeding  outwards  from  the  vertically- 
placed  septum  linguae ;  vertically,  from  IdcIow  upwards.    Some  of  the  muscles  are 
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confined  to  the  tongue  (intrinsic),  while  others  (extrinsic)  are  attached  beyond  it 
to  the  hyoid  bone,  lower  jaw,  the  styloid  process,  and  the  palate. 

[The  extrinsic  Muscles  of  the  tongue. — The  tongue  is  divided  vertically  by  a  fibrous  septum, 
and  on  each  side  there  are  four  extrinsic  muscles.  The  hyo-glossus  passes  from  the  hyoid  bone 
upwards  into  the  tongue  between  the  lingualis  and  stylo-glossiis.  When  botli  muscles  contract 
the  tongue  is  drawn  backwards.  The  (jcnio-hyo-glossus  arises  from  the  inner  aspect  of  the 
anterior  part  of  the  ramus  of  the  lower  jaw,  its  fibres  spread  out  in  a  fan-shaped  manner,  some 
going  to  the  hyoid  bone,  a  few  to  the  pharynx,  but  most  enter  the  entire  length  of  the  tongue 
near  the  fibrous  septum.  Both  muscles  acting  together  protrude  the  tongue.  The  palato- 
glossus, in  the  anterior  pillar  of  the  fauces,  enters  the  upper  surface  of  the  tongue,  and  is 
concerned  in  deglutition.  The 


direction  downwards  and  out-  ~  J- 

wards  towards  the  dorsum  of  pjo,  jgg 

the  tongue.    The  ivfcrior  or  ^' 

deep  lingual  muscle  consists  of  Lower  jaw  of  a  child,  five  years  of  age,  with  the  surface  removed 
a  thick  bundle  of  longitudinal  to  show  the  uncut  permanent  tooth-germs, 

fibres  running  along  the  under 

surface  between  the  genio-hyo-glossus  and  the  hyo-glossus.  They  shorten  the  tongue  and  turn 
its  tip  downwards.] 

Microscopically,  the  fibres  are  transversely  striated,  with  a  delicate  sarcolemma,  and  very 
often  they  are  branched  where  they  are  inserted  into  the  mucous  membrane.  The  muscular 
bundles  cross  each  other  in  various  directions,  and  in  the  interspaces  fat-cells  and  glands  occur. 

Changes  in  form  and  position  of  the  tongue  : — 

(1)  Shortening  and  broadening  by  the  longitudinal  muscle,  aided  by  the  hyo- 
glossus. 

(2)  Elongation  and  narrowing,  by  the  transversus  linguae. 

(3)  The  dorsum  is  rendered  concave  by  the  transversus  and  the  simultaneous  action 
of  the  median  vertical  fibres. 

(4)  Arching  of  the  dorsum  : — (a)  Transversely,  by  the  lowest  transverse  bundles  ; 
(b)  longitudinally,  by  the  lowest  longitudinal  muscles. 

(5)  Protrusion,  by  the  genio-glossus,  while  at  the  same  time  the  tongue  usually 
becomes  narrower  and  longer  (2). 

(6)  Retraction,  by  the  hyo-glossus  and  stylo-glossus,  and  (1)  usually  occurring  at 
the  same  time. 

(7)  Depression  into  the  floor  of  the  mouth,  by  the  hyo-glossus.  The  floor  of  the 
mouth  may  be  made  deeper  by  depressing  the  hyoid  bone. 

(8)  Elevation  of  the  tongue  towards  the  palate  : — {a)  At  the  tip  by  the  anterior 
part  of  the  longitudinal  fibres  ;  (b)  in  the  middle  by  elevating  the  entire  hyoid  bone 
by  the  niylo-hyoid  {N.  trigeminus) ;  (c)  at  the  root  by  the  stylo-glossus  and  palato- 
glossus, as  well  as  indirectly  by  the  stylo-hyoid  (iV.  facialis). 

(9)  Lateral  movements,  the  tip  of  the  tongue  passing  to  the  right  or  left ;  these 
are  caused  by  the  longitudinal  fibres  of  one  side. 

The  motor  nerve  of  the  tongue  is  the  hypoglossal  (fig.  197).  When  this  nerve  is  divided 
or  paralysed  on  one  side,  the  tip  of  the  tongue  lying  in  the  floor  of  the  mouth  is  directed  towards 
the  sound  side,  because  the  tonus  of  the  non-paralysed  longitudinal  fibres  shortens  the  sound 


stylo-glossus  passes  from  the 
styloid  process  down  to  the 
side  of  the  tongue.  These 
muscles  pull  back  the  tongue 
and  raise  its  margins.] 


/ 


[The  intrinsic  muscles. — 

The  superior  or  superficial 
lingual  runs  from  the  tip  of 
the  tongue  towards  the  hyoid 
bone  just  under  the  mucous 
membrane.  The  transverse 
vmLsclc,  whose  fibres  run  trans- 
versely from  the  septum  to 
the  sides  of  the  tongue.  The 
vertical  fibres  run  in  an  arched 
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Fig.  197. 

The  three  nerves  of  the  tongue,  showing  their 
curved  course  and  their  terminations.  1, 
Mandible ;  2,  hyoid  bone  ;  3,  internal  caro- 
tid ;  4,  lingual  artery  ;  5,  genio-glossus  ;  6, 
hyo-glossus  ;  7,  stylo-glossus  ;  8,  hypoglossal 
nerve  ;  9,  lingual  branch  of  fifth  nerve  ;  10, 
glosso- pharyngeal ;  11,  facial  nerve  ;  12, 
chorda  tympani. 


side  slightly.  If  the  tongue  \)Q  protruded,  however,  the  tip  passes  towards  the  paralysed  side. 
This  arises  from  the  direction  of  the  genio-glossus  (from  the  middle  downwards  and  outwards), 
and  the  tongue  follows  the  direction  of  its  action.    The  tongues  of  animals  which  have  been 

killed  exhibit  fibrillar  contractions  of  the 
muscles,  sometimes  lasting  for  a  whole  day. 
[Stirling  has  frequently  found  nerve-ganglia  in 
the  nerves  of  the  tongue.] 

[The  sensory  nerves  are  the  lingual  or 
gustatory  hranch  of  the  fifth,  which  confers 
sensibility  on  the  mucous  membrane  of  the 
anterior  two-thirds  of  the  tongue.  The  lingual 
hranch  of  the  glosso-pharyngeal,  which  confers 
ordinary  sensibility  and  the  sense  of  taste  on 
the  posterior  third  of  the  tongue.  The  chorda 
tympani,  which  is  the  special  nerve  of  taste  for 
the  anterior  two-thirds  of  the  tongue.  There 
are  also  sympathetic  fibres  on  the  blood-vessels 
(fig.  197).] 

156.  DEGLUTITION.— [By  a  compli- 
cated series  of  co-ordinated  muscular  acts 
the  bolus  of  food  is  carried  from  the 
mouth  successively  through  the  pharynx 
and  oesophagus  into  the  stomach.] 

pharijnx  (112  mm.  in  length)  extends  from 
the  base  of  the  skull  to  the  lower  border  of  the 
cricoid  cartilage,  where  it  becomes  continuous 
with  the  cesophagus.  Above,  it  communicates 
with  the  nose,  mouth  and  larynx  (fig.  198).  It  is  lined  by  a  mucous  membrane,  and  strengthened 
and  made  contractile  externally  by  a  layer  of  striped  muscular  fibres  running,  for  the  most  part, 

somewhat  transversely,  and 
made  up  of  the  three  con- 
strictor muscles,  ■ —  superior, 
middle  and  inferior.  Running 
more  longitudually  and  inter- 
nally are  the  palato-jiharyngeus 
and  stylopharyngeus  niuscles. 
Outside  the  muscular  layer  of 
the  pharynx  is  a  fibrous  or  con- 
nective-tissue layer.  The  upper 
part  of  the  mucous  membrane 
of  the  pharynx  is  lined  by 
columnar  ciliated  epithelium, 
while  that  portion  opposite  and 
below  the  fauces  is  lined  by 
stratified  squamous  epithelium. 
Much  adenoid  tissue  also  exists 
in  the  mucous  membrane.] 

[Seven  openings  communi- 
cate with  the  pharynx,  viz.,  the 
two  posterior  nares,  the  isthmus 
of  the  fauces,  the  opening  into 
the  larynx,  the  oesophagus, 
and  the  two  Eustachian  tubes, 
so  that  during  deglutition  all 
these  apertures  have  to  be 
guarded  in  some  way  or  other.] 
[Anatomically  the  other  im- 
portant parts  are  the  soft  palate 
with  the  uvula,  the  isthmus  of 
the  fauces  opening  from  the 
mouth  into  the  pharynx,  and 
bounded  laterally  by  the  an- 
terior and  posterior  pillars  of 

the  fauces,  the  former  containing  the  palato-glossus  muscle,  and  the  latter  the  palato- 
pharyngeus  muscle.    On  each  side  between  the  pillars  lies  a  tonsil.] 


Eustachian  tube.  - — Ct-> 


Soft  palate 


Hyoid  bone. 


Trachea.  _ — ■ — -H 


Fig.  198. 

Vertical  or  sagittal  median  section  through  the  mouth  and 


pharynx. 
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The  onward  movements  of  the  contents  of  tlie  digestive  canal  are  effected  by  a 
special  kind  of  action  whereby  the  tube  or  canal  contracts  npon  its  contents,  and 
as  this  contraction  proceeds  along  the  tube,  the  contents  are  thereby  carried  along. 
This  is  the  "  peristaltic  movement,"  or  peristalsis. 

[The  act  of  swallowing  a  solid  mass  has  been  variously  described, — firstly,  as 
consisting  of  a  voluntary  and  an  involuntary  stage.  In  the  voluntary  stage  the 
food  remains  in  the  mouth,  but  when  it  reaches  the  posterior  third  of  the  tongue, 
or  rather  at  the  isthmus  of  the  fauces,  the  involuntary  stage  commences,  which 
includes  its  passage  through  the  pharynx  and  oesophagus  into  the  stomach.  Others, 
again,  divide  it  into  three  stages — 

(1)  While  the  food  traverses  the  isthmus  of  the  fauces. 

(2)  While  the  food  traverses  the  pharynx.    This  includes  the  movements 

of  the  pharynx,  the  shutting  off  of  the  posterior  nares,  the  occlusion  of 
the  entrance  to  the  glottis,  and  the  shutting  of  the  pillars  of  the  fauces. 

(3)  While  it  traverses  the  oesophagus.    In  this  stage  gravity  has  no  effect, 

as  the  food  is  carried  downwards  by  peristaltic  action  of  the  oeso- 
phagus, so  that  a  person  can  swallow  when  standing  on  his  head.] 

In  the  act  of  deglutition,  we  distinguish  in  order  the  following  individual  move- 
ments : — 

I.  Voluntary  Stage. — (1)  The  aperture  of  the  mouth  is  closed  by  the  orbicularis 
oris  ( N.  facialis). 

(2)  The  jaws  are  pressed  against  each  other  by  the  muscles  of  mastication 
(N.  trigeminus),  while  at  the  same  time  the  lower  jaw^  affords  a  fixed  point  for  the 
action  of  the  muscles  attached  to  it  and  the  hyoid  bone. 

(3)  The  tip,  middle,  and  root  of  the  tongue,  one  after  the  other,  are  pressed 
against  the  hard  palate,  whereby  the  contents  of  the  mouth  are  propelled  towards 
the  pharynx  [the  floor  of  the  mouth  being  raised  by  the  contraction  of  the  mylo- 
hyoid muscles]. 

II.  Involuntary  Stage.  —  (4)  The  food  is  prevented  from  passing  into  the 
mouth.  When  the  bolus  has  passed  the  anterior  palatine  arch  (the  mucus  of  the 
tonsillar  glands  making  it  slippery  again),  it  is  prevented  from  returning  to  the 
mouth  by  the  palato-glossi  muscles  which  lie  in  the  anterior  pillars  of  the  fauces, 
coming  together  like  two  side-screens  or  curtains,  meeting  the  raised  dorsum  of  the 
tongue  (stylo-glossus). 

(5)  The  food  is  prevented  from  passing  into  the  posterior  nares.  The  morsel 
is  now  behind  the  anterior  palatine  arch  and  the  root  of  the  tongue,  and  has 
reached  the  pharynx,  where  it  is  subjected  to  the  successive  action  of  the  three 
pharyngeal  constrictor  muscles  which  propel  it  onw^ards.  The  action  of  the 
superior  constrictor  of  the  pharynx  is  always  combined  with  .a  horizontal  elevation 
(Levator  veli  palatini ;  N.  facialis)  and  tension  (Tensor  veli  palatini ;  N.  trigeminus, 
otic  ganglion)  of  the  soft  palate.  The  upper  constrictor  presses  (through  the 
pterygo-pharyngeus)  the  posterior  and  lateral  w^alls  of  the  pharynx  tightly  against 
the  posterior  margin  of  the  horizontal,  tense,  soft  palate,  whereby  the  margins  of 
the  posterior  palatine  arches  (palato-pharyngeus)  are  approximated.  The  pharyngo- 
nasal  cavity  is  thus  completely  shut  off,  so  that  the  bolus  cannot  be  pressed  liack- 
wards  into  the  nasal  cavity  (fig.  199  B). 

In  persons  with  congenital  or  acquired  defects  of  the  soft  palate,  or  cleft-palate,  during 
swallowing,  food  passes  into  the  nose. 

(6)  The  food  is  prevented  from  passing  into  the  larynx.  The  bolus  is  propelled 
onwards  by  the  successive  contraction  of  the  upper,  middle,  and  lower  constrictors 
of  the  phaiyiix  until  it  passes  into  the  oesophagus.  At  the  same  time  the  entrance 
to  the  glottis  is  closed,  else  the  morsel  would  pass  into  the  larynx,  or,  as  is  gener- 
ally said,  would  "  pass  the  w^rong  way." 
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CLOSURE  OF  THE  GLOTTIS  DURING  DEGLUTITION.    [SeC.  156. 


Sounds  during  Deglutition.— If  the  region  of  the  stomach  be  auscultated  during  the  act  ot 
swallowing,  two  sounds  may  be  heard  ;  the  first  one  is  produced. when  the  bolus  is  projected  into 
the  stomach  ;  the  second  occurs  when  the  peristalsis,  wliich  takes  place  at  the  end  of  swallow - 
in"-  squeezes  the  contents  of  the  oesophagus  through  the  cardia  {Meitzer  Zenker  Eivcdd).  [ihe 
latter  occurs  a  short  time  aft.n-wards.  In  man,  when  water  alone  is  swallowed,  there  is  no  sound 
but  when  it  is  mixed  with  air  there  is  and  it  is  generally  heard  because  air  is  usually  swallowed 
with  the  food  or  drink  {Quincke).'] 

The  closure  of  the  glottis  is  effected  in  the  following  manner  \—{a)  The  whole 
larynx— the  lower  jaw  being  fixed— is  raised  upwards  and  foncards,  while  at  the 
same  time  the  root  of  the  tongue  hangs  over  it.  The  hyoid  hone  is  raised  forwards 
and  upwards  hv  the  genio-hyoid,  anterior  belly  of  the  diagastric,  and  mylo-hyoid  ; 
the  larynx  is  approximated  close  to  the  hyoid  bone  by  the  thyrodiyoid.  (b)  When 
the  larynx  is  raised,  so  that  it  comes  to  lie  below  the  overhanging  root  of  the 
tongue',  the  epiglottis  is  pressed  downwards  over  the  entrance  to  the  glottis,  and 


Fig.  199. 

Scheme  of  de-lutition.— A  shows  the  passages  and  openings  marked  with  arrows  indicating  the 
air-  and  food-channels.    B,  the  act  of  deglutition. 

the  bolus  passes  over  it.  The  epiglottis  is  also  pulled  down  by  the  special  muscular 
fibres  of  the  reflector  epiglottidis  and  aryepiglotticus.  (c)  The  closure  of  the  glottis 
by  the  constrictors  of  the  larynx  also  prevents  the  entrance  of  substances  into  tlie 

larynx     313,  II.  2).  .  .  .     ,i  i 

In  order  that  the  descending  bolus  may  l)e  prevented  from  carrying  the  pharynx 
with  it,  the  stylo-pharyngeus,  salpingo-pharyngeus,  and  baseo-pharyngeus  contract 
upwards  when  the  constrictors  act. 

Injury  to  the  Epiglottis. -Intentional  injury  of  the  epiglottis  in  animals  or  its  destruction 
in  nil,  may  cause  fluids  to  " go  the  wrong  way,"  i.e.,  into  the  glottis,  whilst  solid  food  can  be 
swallowed  without  disturbance^  In  dogs,  coloured  fliiids  placed  on  the  root  of  the  to"gue  have 
been  observed  to  pass  directly  into  the  pharynx  without  coming  into  contact  ^^'^th  it  ^o  as 
to  tinge  the  upper  surface  of  the  epiglottis  (il/a^cÄ)  [The  basis  of  the  epiglottis  ^ 
yellow  elastic  cartilage,  so  that  it  shows  no  tendency  to  ossify,  and  always  retains  its  elasticity 

rExnenments  of  Kronecker,  Falk,  and  Meitzer.  Method.— Meitzer  placed  in  his  oesophagus 
an  cesophageaLsound  with  a  thin  india-rubber  bag  tied  to  its  lower  end,  and  its  upper  end  m  con- 
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nectiou  with  a  Marey's  tambour.  The,  sound  was  graduated  into  centimetres,  so  that  by  fixing 
it  with  the  teeth,  the  depth  to  which  the  bag  reached  in  the  cesopliagus  could  be  ascertained  at 
once.  The  elastic  bag  was  inflated  from  a  lateral  tube  so  as  to  fill  the  oesophagus.  The  experi- 
ment was  so  arranged  as  to  indicate  the  moment  the  act  of  swallowing  commenced,  a  second 
bag  being  placed  in  the  pharynx,  and  of  course  as  the  bolus— usually  water— passed  along  the 
pharynx  and  oesophagus  it  compressed  first  the  one  and  then  the  other  bag,  and  a  tracing  was 
obtained  of  the  relative  time  of  passage.] 

[In  all  ex[)eriiiieiits  on  deglutition  it  is  important  to  remember  that  the  size  and 
consistence  of  the  bolus  cause  different  mechanisms  to  come  into  play.  In  swallow- 
ing water,  for  example,  less  than  y\j-th  second  suffices  to  transport  it  from  the  mouth 
along  the  oesophagus.  It  is  "projected,"  "shot-down"  the  oesophagus  by  the  con- 
tractions chiefly  of  the  muscles  of  the  floor  of  the  mouth— the  mylo-hyoids— the 
oesophagus  remaining  open ;  and  the  oesophagus  first  contracts  after  the  bolus  is 
already  in  the  stomach.  If  a  large  mass  of  considerable  consistence  is  swallowed, 
this  seems  to  require  the  help  of  the  constrictors  of  the  pharynx  and  the  oesophageal 
walls.] 

^  [From  the  tracing  (fig.  200)  it  will  be  seen  that  the  bolus — e.g.,  water — is  projected 
right  into  the  stomach  long  before  the  oesophagus  begins  to  contract.  A\1iat 
Kronecker  insists  on 
is  that  in  swallow- 
ing, say  water  or  semi- 
fluid food,  the  food  is 
not  carried  into  the 
stomach  by  a  compli- 
cated peristaltic  act  as 
described  above ;  but 
that  the  act  of  deglu- 
tition is  one  act,  due 
chiefly  to  the  con- 
traction of  the  mylo- 
hyoid muscles,  which 
project  the  food  right 
through  the  relaxed 
oesophagus  into  the 
stomach  with  consider- 
able rapidity  (Jg-  sec.) 
and  under  a  relatively 
high  pressure.  Of 
course  at  the  same 
time  the  various  side-openings  to  the  posterior  nares  and  entrance  to  the  glottis 
have  to  be  guarded  and  closed.] 

[The  mylo-hyoids  form  a  hammock-like  diaphragm,  on  which  rests  the  tongue.  There  are  also 
concerned  the  longitudinal  and  hyoglossi  muscles  ;  the  latter  pull  the  root  of  the  tongue  back- 
wards and  downwards.  ] 

[When,  however,  the  bolus  is  large  and  solid, 
slowly,  and  the  bolus  seems  to  meet  with  more  resistance  at  certain  parts  in  its  passage, 
and  to  require  the  peristaltic  action  of  the  pharyngeal  and  esophageal  muscles  to  press  it 
onwards.]  ^ 

[Kronecker  divides  the  digestive  tube  as  far  as  the  cardia  into  five  muscular  rings— 1.  Those 
for  the  first  act,  chiefly  the  mylo-byoids.  2.  The  constrictors  of  the  pharynx.  3.  The  first 
section  of  the  oesophagus  (cervical  segment  provided  with  striped  muscle).  4.  The  upper 
dorsal  segment  of  the  oesophagus  (partly  striped  and  partly  smooth  muscle).  5.  To  the 
cardiac  (smooth  muscle).  In  this  connection  we  may  recall  the  observation  of  Virchow  in  cases 
of  poisoning  by  sulphuric  acid,  where  he  noticed  that  little  eff'ect  was  produced  on  the  mouth 
or  pharynx,  the  most  marked  eff"ects  of  the  action  of  the  acid  being  at  the  entrance  to  the 
oesophagus  where  it  crosses  the  left  bronchus,  and  just  before  the  cardia  where  it  perforates  the 
diaphragm.] 


Fig.  200. 

Tracing  of  the  act  of  deglutition.  1,  A  indicates  the  compression  of 
the  elastic  bag  caused  by  the  bolus  projected  by  the  contraction  of 
the  mylo-hyoid  muscles  ;  B,  contraction  of  the  pharynx,  2,  Line 
marking  seconds  ;  3,  Tracing  of  the  bag  in  the  oesophagus  12 
centimetres  from  the  teeth;  C,  compression  of  the  bag  by  the  bolus 
corresponding  to  A  ;  D,  compression  by  the  residues  of  tlie  bolus 
carried  on  by  the  contraction  of  the  pharynx,  B  ;  E,  contraction  of 
the  oesophagus. 


then  deglutition  takes  place  much  more 
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[Time  relations. -As  to  the  time  relations  of  the  contraction  of  the  successive  muscular  rings 
we  have  the  following 


Contraction  of  mylo-hyoids  and  constrictor 
first  part  of  oesophagus 
, ,  second  , , 

third 


0-3x1 
0-3x(l  +  2) 
0-3  X  (1+2  +  3) 
0-3x(l  +  2  +  3  +  4) 


Sees. 
0-3 

0-  9 

1-  8 
3-0 

6-0 


if  each  part  had  to  contract  successively  it  would  require  at  least  ^  ^^^^[f^^^^^ 
of  food  could  be  carried  to  the  stomach,  yet  it  is  within  the  experience  of  all  of  us  that  the  act 
oLurs  much  more  quickly.    It  will  be  seen  that  the  above  gives  an  arithmetical  series  of  the 
second  order  with  difference  1  and  a  constant  factor  0  -6.  \ 

from  a 


[It  is  necessary  to  distinguish  a  single,  isolated  act  of  deglutition 

series,  or  succession  of  these  acts.  If  we  make  a  series  of  acts  of  swa  lowing,  as 
when  we  drink  a  glass  of  water,  the  oesophagus  does  not  contract  until  after  the 
last  act  of  deglutition,  and  it  contracts  at  the  same  interval  of  time  after  the 
beoinning  of  the  last  act  of  deglutition  as  if  only  a  single  act  had  been  carried  out. 
It  is  obvious,  therefore,  that  every  act  of  swallowing  not  only  excites  an  oeso- 
phageal contraction,  but  at  the  same  time  it  inhibits  the  already  excited  but  not 
yet  manifested  (Esophageal  contraction.  Thus  in  swallowing  a  glass  of  water  each 
successive  act  of  deglutition  inhibits  the  cesophageal  conti.action,  so  that  the 
oesophagus  remains  open,  and  only  contracts  after  the  last  drop  of  water  is  already 

'"^NervoTs  Me^^^  is  voluntary  only  during  the  time  the  bolus 

is  in  the  mouth.    When  the  food  passes  through  the  palatine  arch  into  the  gullet 

the  act  becomes  involuntary,  and  is,  m 

fact,  a  well-regulated  reflex  action.  When 
there  is  no  bolus  to  be  swallowed,  voluntary 
movements  of  deglutition  can  be  accom- 
plished only  within  the  mouth  ;  the  pharynx 
only  takes'  up  the  movement,  provided  a 
bolus  (food  or  saliva)  mechanically  excites 
the  reflex  act.    The  afferent  nerves,  which, 
when  mechanically  stimulated,  excite  the  in- 
voluntary act  of  deglutition,  are  the  palatine 
branches    of    the    trigeminus    (from  the 
spheno-palatine  ganglion  and  the  pharyngeal 
branches  of  the  vagus  (fig.  201).    [It  can 
also  be  excited  by  stimulation  of  the  central 
end  of  the  superior  laryngeal  nerve.]  The 
centre  for  the  nerves  concerned  (for  the 
striped  muscles)  lies  in  the  superior  olives 
of  the  medulla  oblongata.    Swallowing  can 
be  carried  out  when  a  person  is  unconscious, 
or    after    destruction    of    the  cerebrum, 
cerebellum,  and  pons  (§  367,  6).    [Even  in 
the  deep  coma  of  alcoholism,  the  tube  of 
a  stomach-pump  is  carried  into  the  stomach 
reflexly,    provided   the  surgeon   passes  it 
back  into  the  pharynx.]    The  nerves  of  the 
pharynx  are  derived  from  the  pharyngeal 
plexus,  which  receives  branches  from  the 
vagus,  glosso-pharyngeal,  and  sympathetic  (§  352,  4).    Stiinulation  of  the  glosso- 
pharyngeal nerve  inhibits  reflex  deglutition  {Kronecker  and  Wassilieff). 


Fig.  201. 

Scheme  of  the  afferent  and  efferent  nerves 
concerned  in  deglutition  {Stirling). 
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[The  efferent  or  motor  nerves  are  those  supplying  the  muscles  concerned,  (1)  ih^  infer ior 
ToT;   3  nnr^-'^      if         '"T"^  «^H>plies"the  masseter,  ten.poral,  p    ygo  d  m  ^  o- 

hL'  '  .       f^'^^'  ^-f^  <^^g^^tvic  muscles  ;  (2)  the  facial  supplies  the  orbhmlai'is  oris 

buccinator  stylo-hyoid,  and  posterior  belly  of  the  digastric  ;  (3)  the  l^oglossal  or  ni    h  cranial 
nerve  supplies  the  intrinsic  muscles  of  the  tongue,  genio  hyoid,  thyro-hyoid,  genio  3^ 
hyoglossus  and  stylo-glossus  ;  (4)  branches  of  the  M^^-^/h^L^      J.  (vagus,  gfosso-pÄ^^^ 

)  a'^Kch  IV  r^Ä^'       constrictors  of  the  pharynx,  palato-glossus,  and'i?alato.p^a  y^^g^et^ 
5)  a  b  anch  liom  the  g  osso-pharyngeal    ?    supplies  the  stylo-pharyngeus  :  (Q)  Ü^^  facial 
(petrosal)  branch  of  the  Vi,l,aii  supplies  the  levator  palati  and  azygos  uvulS  ;  (7)  a  bilncli  from 
the  otic  ganglion  of  the  fifth  supplies  the  tensor  palati ;  (8)  the  l^w  lar  j  lTM^ 
m^rus  supplies  the  muscles  that  close  the  glottis.]  '  i^aiyngeat  oumcii  of 

[We  have  seen  that  the  contraction  of  the  oesophagus  is  inhibited  durin-  a 
succession  of  acts  of  deghitition.  We  know  tliat  the  vagus  conducts  impulses 
^yhlch  excite  the  oesophagus,  and  is  therefore  motor.  Through  the  trigeminus 
reflex  acts  of  deghitition  can  be  excited.  As  to  the  glosso-pharyngeal,  we  know 
Dhat  Its  section  does  not  set  aside  deghitition,  nor  does  its  stimulation  excite  the 
act  of  s^^^  lowing  Tlie  glosso-pharyngeal  inhibits  the  occurrence  of  a  reflex  act 
of  deglutition.  If  the  glosso-pharyngeal  be  stimulated,  the  sti^ongest  stimuH  to 
deglutition  filling  the  pharynx  with  fluid,  or  stimulation  of  the  superior 

aryngeal  nerves)  fail  to  discharge  the  act  of  deglutition  ;  neither  the  first  part  of 
the  act  nor  contraction  of  the  oesophagus  takes  place.  Stimulation  of  the  linmial 
branch  of  the  glosso-pharyngeal  inhibits  the  first  act  of  deglutition  ;  while  the 
£  rr^r  ^"^'^^^^f  ^  ^':'''']  V^l^i^^it  the  oesophageal  contractions,  so  that  the 
glosso-pharyngeal  is  the  inhibitory  nerve  of  deglutition  1 

,bi  !'  T^^-  f''''''^''^  ^^^^'^  movement  of  the  first  act  of  deglutition  (especially 
the  mylo-hyoid  group)  there  is  an  inhibition  of  the  deeper  sections  throuoh  the 
stimulation  of  the  glosso-pharyngeal  nerve.    This  inhibition  takes  place  In  he 

Tvemeut      Ttl'"  ""f"^^'  ^^"^^^  ^^^^^^^  '^^^  l--«taltic 

movement,  of  the  oesophagus  are  propagated  from  above  downwards,  even  after 
section  ot  the  oesoiDhagus.]  ■ 

[Action  on  other  Ceiitres.-The  act  of  swallowing  affects  many  other  centres, 
tif         T   rT^""  '"«^1»"'^.  it  ^ednces  the  tonus  of  the  heart  vagus,  sö 

that  the  heart  beats  quicker  {§  369),  it  also  affects  the  respiratory  centre  ;nd 
dunnushes  the  need  for  respiration,  constituting  "  Deglutitiin-apnL."  It  al"o 
affects  tlie  vaso-motor  and  some  other  centres  (/Omecfer)  ] 

fhTmtUT '^'^I'^^fi  squamous  epithelium  is  moistened  witli 

the  mucus  deriYed  from  the  mucous  glands  in  its  walls,  the  downward  movement 
IS  involuntary,  and  depends  upon  a  complicated  reflex  movement  discl  a  ged  Cn 
di,?nT    ,      '^«Sl^rtition.    There  is  a  peristaltic  movement  of  the  outfr  long  - 
tudinal  and  inner  circular  non-striped  muscular  fibres.  " 

t»V».*';fi ''"■'"f'  f";"  «*'°P'"'g'is.  which  contains  striped  muäeular  fibres  the  neiistalsi. 

mmmmmm 

The  motor  nerve  of  the  cesophagus  is  the  vagus  (not  the  accessory  fibres)  [o3SophageaI,  whose 
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branches  have  numerous  small  ganglia  in  their  course].  After  it  is  divided,  the  food  lodges  in 
the  lower  part  of  the  oesophagus.  Very  large  and  very  small  masse^  are  swallowed  with  more 
difficulty  than  those  of  moderate  size.  Dogs  can  swallow  au  olive-shaped  body  weighted  with  a 
counterooise  of  450  grams  {Mosso).  AVhen  the  thorax  is  greatly  distended,  as  m  Mu  ler  s 
experiment,  or  greatly  diminished,  as  in  Valsalva's  experiment  (§  60),  deglutition  is  rendered 

^^^Stz's^ Experiments. —The  oesophagus  and  stomach  of  the  frog  become  more  excitable,  i.e., 
thP  excitability  of  the  ganglionic  plexuses  in  their  walls  is  increased,  when  the  brain  and 
.  inal  cord  or  both  vagi  are  destroyed.  These  organs  contract  energetically  after  sligjit 
«Rrnnlation  while  frogs,  whose  central  nervous  system  is  intact,  swallow  flmds  simply  oy 
liristalsis  '  Females,  and  sometimes  men  also,  suffering  from  hysteria,  not  unfrequently  have 
Si  iilar  spasmodic  contractions  of  the  esophageal  region  (globus  hystericus).  After  section  of 
Wb  vacri  in  the  doc.,  Schiff  observed  spasmodic  contraction  of  the  oesophagus.  [Atter  section 
of  the  gTosso-pharyngeal  nerve  the  oesophagus  may  pass  into  a  state  of  tonic  spasm  lasting  about 

^  mict  on  Circulation.— Every  time  one  swallows,  the  heart's  action  is  accelerated,  the  blood- 
^rP>.mire  falls  the  necessity  for  respiration  diminishes,  while  many  movements  (labour  pains 
Son)  tend  to  be  inhibited.  These  effects  are  brought  about  reflexly  {Kroneeker  and 
Meitzer,  §  369). 

[Structure  of  the  (Esophagus.— The  oesophagus  in  the  dog  and  rabbit  is  almost 
ertirely  composed  of  striped  muscle.  In  the  cat  and  man,  its  upper  part  acts  like 
a  striped  muscle,  and  its  lower  part  is  composed  of  smooth  muscle.    The  oesophagus 

Excretory  duct. 


^lucous  mem- 
l)rane  with 
inuscularis 
inucosaj. 


Sul)-mucosa. 


Longitudinal 
muscular 

fibres.    ^     ^  _  _ 

Fig.  202. 

Transverse  section  of  part  of  the  oesophagus, 
is  almost  25  cm.  long,  and  its  walls  are  composed  of  four  coats-mucous,  sub- 

-^PiC'^^  Sis  thrown  into  longitudinal  winch 

diippear  when  the  tube  is  distended.    It  is  lined  by  several  layers  of  ^^^f^^^ 
f^uZous  epithelium.    The  membrane  itself  is  composed,  espec^Uy  a^  it  mn^ 
part,  of  dense  fibrous  tissue,  which  V^o^^^^^^  u.'\^^^^^^^^  ,1^ 
stratified  epitiielium.    The  papillae  are  present  m  the  child,  ^I'l'^^^^l^'f^^ 
people.    At  its  outer  part  is  a  continuous  longitudinal  l^ff  ^ 
the  muscularis  mucosae.    The  layer  consists  of  small  bundles  ot  non  striped 

muscle  separate  from  each  other.  .  ^nnQict«  of  loose 

(2)  The  sub-mucous  coat  is  thicker  than  the  foregoing,  and  consists^  loose 
connective-tissue,  with  the  acini  of  small  mucous  glands  imbedded  -      _  lire  ducts 
pierce  the  muscularis  mucosa  to  open  on  the  inner  surface  o  the  tub^^^ 
animals  have  a  considerable  number  of  large  mucous  glands  m  the  oesophagus 
(dog)  and  others  have  very  few. 
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(3)  The  muscular  coat  consists  of  an  inner,  thicker,  circular,  and  an  outer, 

tliinner,  longitudinal  layer  of  non-striped  muscle,  commencing  on  a  level  with  the 
cricoid  cartilage.  In  man,  tlie  upper  third  of  the  gullet  consists  of  striped  muscular 
fibres. 

(4)  Outside  the  muscular  coat  is  a  layer  of  fibrous  tissue, — the  adventitia— 

with  elastic  fibres.  The  structure  of  the  muscular  coat  of  the  oesophagus  varies 
much  in  different  animals.  In  the  ral^bit,  in  the  first  quarter  of  its  length,  it  has 
two  layers,  but  below  this  there  are  three  layers,  i.e.,  a  circular  between  an  outer 
and  an  inner  longitudinal  layer,  while  the  non-striped  fibres  are  confined  to  the 
lowest  quarter  of  the  tube.] 

[Nerve-Plexuses. — As  in  the  intestine,  there  are  two  plexuses  of  nerves  with  ; 
ganglia  ;  one  in  the  sub-mucous  coat  {Meissner' s)  and  the  other  between  the  two     '^^^  "  |; 
muscular  coats  (Auerbach' s),  which  are  continuous  with  those  in  the  stomach  and     ?  "  y 
intestine.    Blood-vessels  and  numerous  lymphatics  lie  in  the  mucous  and  sul>  1^. 
mucous  coats.] 

157.  MOVEMENTS  OF  THE  STOMACH.— Position.— When  the  stomach 
is  empty,  the  great  curvature  is  directed  downwards  and  the  lesser  upwards;  but 
when  the  organ  is  full,  it  rotates  on  an  axis  running  horizontally  through  the 
pylorus  and  carclia,  so  that  the  great  curvature  appears  to  be  directed  to  the  front 
and  the  lesser  backwards. 

Arrangement  of  the  Muscular  Fibres. — The  non-striped  muscular  fibres  of  the  stomach  are 
arranged  in  three  directions  or  layers.  There  is  an  outer  longitudinal  layer,  whose  fibres  are 
continuous  with  those  of  the  oesophagus  and  is  best  developed  along  the  curvatures,  especially  the 
lesser.  At  the  pylorus  the  fibres  form  a  thick  layer,  and  become  continuous  with  the  longi- 
tudinal fibres  of  the  duodenum.  The  circular  fibres  form  a  complete  layer;  at  the  pylorus  they 
are  more  numerous,  and  constitute  the  sphincter-muscle  or  pyloric  valve  ;  whilst  at  the  cardia 
(inlet),  such  a  muscular  ring  is  absent.    The  innermost  oblique  or  diagonal  layer  is  incomplete. 

The  Movements  of  the  Stomach,  are  of  two  kinds  : — The  rotatory  or  churn- 
ing movements,  whereby  the  parts  of  the  wall  of  the  stomach  in  contact  with  the 
contents  glide  to  and  fro  with  a  slow  rubbing  movement.    Such  movements  seem 
to  occur  periodically,  every  period  lasting  several  minutes  (Beaumont).    By  these 
movements  the  contents  are  moistened  with  the  gastric  juice,  while  the  masses  of 
food  are  partly  broken  down.    The  formation  of  hair-balls  in  the  stomach  of  dogs 
and  oxen  indicates  that  such  rotatory  movements  of  the  contents  of  the  stomach 
take  place.    (2)  The  other  kind  of  movement  consists  in  a  periodically  occurring  ' 
peristalsis,  whereby,  as  with  a  push,  the  first  dissolved  portions  of  the  contents  of 
the  stomach  are  forced  into  the  duodenum.    They  begin  after  a  quarter  of  an  hour,     - . 
and  recur  until  about  five  hours  after  a  meal.    This  peristalsis  is  most  pronounced  ^ 
towards  the  pyloric  end,  and  the  muscles  of  the  pyloric  sphincter  relax  to  allow  the 
contents  to  pass  into  the  duodenum.    According  to  Rüdinger,  the  longitudinal  t—^^^s^^ 
muscular  fibres,  when  they  contract,  especially  when  the  pyloric  end  is  filled,  may  l^^^'^^^^^— h 
act  so  as  to  dilate  the  pylorus.  ^^E""^ 

The  following  experiment  is  designed  to  determine  the  time  at  which  the  ingesta  pass  into  the      j-.^  — -  -  . 
intestine,    Salol  splits  up  in  an  alkaline  medium  (in  intestine)  into  phenol  and  salicylic  acid,  - 
and  the  presence  of  the  latter  in  the  urine  can  be  ascertained  by  ferric  chloride  (violet  colour). 
In  health  the  reaction  begins  in  4-1  hour,  and  disappears  after  24  hours  ;  in  motor  insufficiency  ? 
of  the  stomach  3-24  hours  later  [Huber).  ^-.^  „  ^  .' ^ 

Gizzard. — The  strongly  muscular  walls  of  the  stomach  of  grain-eating  birds  effect  a  tritura-  ' 
tion  of  the  food.    The  older  physiologists  found  that  glass  balls  and  lead  tubes,  which  could 
be  compressed  only  by  a  weight  of  40  kilos. ,  were  broken  or  compressed  in  the  stomach  of 
a  turkey. 

[The  nerves  of  the  Stomach. — It  is  supplied  by  nerve-fibres  from  the  two  vagi 
and  the  solar  plexus.  After  forming  the  oesophageal  plexus,  the  left  vagus  descends 
rather  anterior  to,  and  the  right  posterior  to,  the  oesophagus,  and  they  continue 
along  it  to  the  stomach.    The  left  supplies  chiefly  the  lesser  curvature  and  the 
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anterior  surface  of  the  organ,  together  with  branches  to  the  liver,  and  perhaps  the 
duodenum,  while  the  right  gives  branches  to  the  posterior  surface  of  the  stomach, 
about  two-thirds  of  its  fibres  passing  to  the  solar  plexus.  The  gastric  branches 
of  the  vagus  contain  for  the  most  part  non-meduUated  fibres.] 

[From  the  solar  or  coeliac  plexus  branches- chiefly  composed  of  non-meduUated 
fibres— proceed,  constituting  the  gastric  plexus  of  the  splanchmc  nerves  along  the 
cxastric  aTtery  to  the  stomach,  where  they  intermuigle  with  the  branches  from  the  vagi 
under  the  peritoneal  covering.  Small  ganglia  exist  in  the  course  of  these  nerves. 
Branches  penetrate  the  coats  of  the  stomach  along  with  the  arteries,  and,  between 
the  longitudinal  and  circular  muscular  coats,  form  Auerbachs  plexus,  and 
Meissner's  plexus  in  the  sub-mucous  coat.] 

[Branches  from  Meissner's  plexus  pass  to  the  mucous  membrane  some  to 
supply  the  muscularis  mucosa,  and  it  may  be  to  the  glands  as  well,  but  this  latter 
point  has  not  been  proved  histologically.]  .     i  f 

Influence  of  Nerves  on  the  Stomach.— Auerbach' s  ganglionic  plexus  of  nerve- 
fibres  and  nerve-cells,  which  hes  between  the  muscular  coats  of  the  stomach,  must 
be  rec^arded  as  its  proper  motor  centre,  and  to  it  motor  impulses  are  conducted  by 
the  vSoi  Section  of  both  vagi  does  not  abohsh,  but  it  diminishes  the  movements 
of  the  stomach.  The  muscular  fibres  of  the  cardia  may  be  excited  to  action,  or 
their  action  inhibited  by  fibres  which  run  in  the  vagus  (Nn.  constrictores,  et 
dilatator  cardise).  [If  the  vagi  be  divided  in  the  neck,  there  is  a  short  temporary 
spasmodic  contraction  of  the  cardiac  aperture.  On  stimulating  the  peripheral  end 
of  the  vacTus  with  electricity,  after  a  latent  period  of  a  few  seconds,  the  cardiac  end 
contracts"  more  especially  if  the  stomach  be  distended,  but  the  movements  are 
sh-ht  if  the  stomach  be  empty.  In  curarised  dogs,  the  pylorus  contracts  with 
va?ying  intensity,  and  irregularly,  whether  the  vagi  and  splanchnics  be  intact  or 
divided  Stimulation  of  the  vagi  in  the  neck  causes  contraction  of  the  pylorus, 
when  the  latent  period  may  be  seven  seconds.  Stimulation  of  the  splanchnics  m 
the  thorax  arrests  the  spontaneous  pyloric  contractions,  the  left  splanchnic  being 
more  active  than  the  right  (Oser).] 

In  the  cardia  are  automatic  ganglionic  ceUs  (analogous  to  the  cardiac  ganglia),  which  are 
connected  with  the  vagus  and  sympathetic.  [They  lie  in  groups  (11  in  the  rabbit)  and  are  not 
to  be  conforded  with  A^^  A  centre  for  the  contraction  of  the  cardia  lies  in 

tL  posterirpah-  of  the  corpora  quadrigemina  ;  the  efferent  channels  for  the  nnpulses  seem  to 
be  tCu'h  thfvagi  and  partly  through  the  splanchnics.  Thecentre  or  the  opening  of  the  cardia 
the°oriaW  the  dilator  cardi.^l  lies  in  the  anterior  inferior  end  of  the  corpus  striatum  and 
the'condniiäg  paths  in  the  vagi.  The  cardia  may  be  opened  reflexly  by  stimulation  of  the 
sensorv  abdominal  nerves  [e.g.,  of  the  kidney,  uterus,  intestine]. 

X  body  of  the  stomach  also  possesses  a  few  automatic  ganglia  in  connection  with  the 
vaai  and  svmpathetic.  A  centre  fir  its  contraction  lies  in  the  corpora  quadrigemina,  and  the 
lEent  paffi  lie  S  the  vagi  but  chiefly  in  the  cord,  and  from  the  latter  into  the  sympathetic. 
InhiSL?rcentr^       in  the  upper  part  of  the  cord,  and  the  efferent  paths  are  m  the  sympathetic 

^"^ThSÄs  also  contains  automatic  centres.  The  centre  for  opening  the  cardia  inhibits  the 
moveLeS  Jf  the  pylorus,  the  path  being  through  the  cord  and  splanchnics.  Inhibitory  pyloric 
Tent  S  i  e  in  t  e  ?o  pora  quadrigemina'and  olives,  the  paths  are  in  the  cord  The  centres  in 
the  cortex  su  us  cnLatus]  for  opening  the  cardia  at  the  same  time _ con  ract  the  Pylo^us  The 
contraction-centres  for  the  pylorus  lie  in  the  corpora  quadrigemina  (Openchoivski).  [These 

^"ÄÄl%'^^^^^^^  surface  of  the  stomach  causes  circular  constr^tl- 

orian  which  disappear  very  gradually,  while  the  movement  is  often  propagated  to  other  paits 
S-IstricSr^^  to  25°  C,  the  excised  empty  stomach  exhibits  movements 

Inj^ryfo  the  peduncuh  cerebri,  optic  thalamus,  medulla,  oblongata,  and  e-en  to  the  cervica 
mit  of  the  spinal  cord,  according  to  Schiff,  causes  paralysis  of  the  vessels  of  certain  aieas  of  the 
rtomak  resulting  in  congestioif  and  subsequent  haemorrhage  into  the  mucous  membrane.  [It 
L  uTuncomln  Occurrence  to  find  haemorrhage  into  the  gastric  mucous  membrane  of  rabbits, 
after  thev  have  been  killed  by  a  violent  blow  on  the  head.]  _  +„^fov 

Action  of  Drugs. -The  automatic  centres  are  excited  by  emetm,  apomorphm  tartai 
emetL,  while  rZlvin  causes  general  contraction  of  the  stomach.    The  activity  of  the  auto- 
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matic  centres  is  diminished  by  chloral,  urethaii,  morphin,  and  nicotin,  while  atropin  causes 
paralysis  of  the  nerve-endings  {E.  Schütz).] 

158.  VOMITING. — -Mechanism. — Vomiting  is  caused  by  contraction  of  the 
walls  of  the  stomach,  the  pyloric  sjjhincter  being  closed.  It  occurs  most  readily 
when  the  stomach  is  distended — (dogs  usually  greatly  distend  the  stomach  by 
swallowing  air  before  they  vomit);  it  readily  occurs  in  infants,  in  whom  the  cul- 
de-sac  at  the  cardia  is  not  developed.  It  is  quite  certain  that  in  children  vomiting 
occurs  through  contraction  of  the  walls  of  the  stomach,  without  the  spasmodic 
action  of  the  abdominal  walls.  When  vomiting  is  violent,  the  abdominal  muscles 
act  energetically.  [The  act  of  vomiting  is  generally  preceded  by  a  feeling  of 
nausea,  and  usually  there  is  a  rush  of  saliva  into  the  mouth,  caused  by  a  reflex 
stimulation  of  afferent  fibres  in  the  gastric  branches  of  the  vagus,  the  efi'erent 
nerve  for  the  secretion  of  saliva  being  the  chorda  tympani.  After  this  a  deep  inspira- 
tion is  taken,  and  the  glottis  closed,  so  that  the  diaphragm  is  firmly  pressed  down- 
wards against  the  abdominal  contents,  and  it  is  kept  contracted  ;  the  lower  ribs 
are  pulled  in.  The  diaphragm  being  kept  contracted  and  the  glottis  closed,  a 
violent  expiratory  effort  is  made,  so  that  the  contraction  of  the  abdominal  muscles 
acts  upon  the  abdominal  contents,  the  stomach  being  forcibly  compressed.  The 
cardiac  orifice  is  opened  at  the  same  time,  and  the  contents  of  the  stomach  are 
ejected.  The  chief  agent  seems  to  be  the  abdominal  compression,  but  the  walls 
of  the  stomach  also  help,  though  only  to  a  slight  extent.] 

The  contraction  of  the  walls  of  the  stomach,  which  causes  a  general  diminution  of  the  gastric 
cavity,  is  not  a  true  anti-peristalsis,  as  can  be  seen  in  the  stomach  when  it  is  exposed.  The 
cardia  is  opened  by  the  longitudinal  muscular  fibres,  which  pull  towards  the  lower  orifice  of  the 
oesophagus,  so  that  when  the  stomach  is  full  they  must  act  as  dilators.  The  act  of  vomiting  is 
preceded  by  a  ructus-like  dilating  movement  of  the  intra-thoracic  part  of  the  esophagus,  which 
is  caused  thus  :  The  glottis  is  closed,  inspiration  occurs  suddenly  and  violently,  whereby  the 
oesophagus  is  distended  by  gases  proceeding  from  the  stomach.  The  larynx  and  hyoid  bone, 
by  the  combined  action  of  the  genio-hyoid,  sterno-hyoid,  sterno-thyroid,  and  thyro-hyoid 
muscles,  are  forcibly  pulled  forwards,  so  that  the  air  passes  from  the  pharynx  downw^ards  into 
the  upper  section  of  the  oesophagus.  If  the  abdondnal  walls  contract  suddenly,  and  if  this 
sudden  impulse  be  aided  by  the  movements  of  the  stomach  itself,  the  contents  of  the  stomach 
are  forced  outwards.  During  continued  vomiting,  antiperistalsis  of  the  duodenum  may  occur, 
whereby  bile  passes  into  the  stomach,  and  becomes  mixed  with  its  contents. 

Children,  in  whom  the  fundus  is  absent,  vomit  more  easily  than  adults.  [In  them  also  the 
nervous  system  is  more  excitable.] 

Influence  of  Nerves. — The  centre  for  the  movements  concerned  in  vomiting 
lies  in  the  medulla  oblongata,  and  is  in  relation  with  the  respiratory  centre,  as 
is  shown  by  the  fact  that  nausea  may  be  overcome  by  rapid  and  deep  respirations, 
in  animals,  vomiting  may  be  inhibited  by  vigorous  artificial  respiration.  On 
the  other  hand,  the  administration  of  certain  emetics  prevents  the  occurrence  of 
apnoea. 

In  vomiting,  the  afferent  impulses  may  be  discharged  from  (1)  the  mucous 
membrane  of  the  soft  palate,  pharynx,  root  of  the  tongue  [glosso-pharyngedl  nerve), 
as  in  tickling  the  fauces  with  the  finger  ;  (2)  the  nerves  of  the  stomach  {vagus  and 
sympathetic) ;  (3)  stimulation  of  the  uterine  nerves  (pregnancy);  (4)  the  mesenteric 
nerves  (inflammation  of  the  abdomen  and  hernia) ;  (5)  nerves  of  the  urinary 
apparatus  (passing  a  renal  calculus)  ;  (6)  nerves  to  the  liver  and  gall-duct  {vagus)  ; 
(7)  nerves  to  the  lungs  in  phthisis  {vagus).  Vomiting  is  also  produced  by  direct 
stimulation  of  the  vomiting  centre.  [The  efferent  impulses  are  carried  by  the 
phrenics  (diaphragm),  vagus  (oesophagus  and  stomach),  and  intercostals  (abdominal 
muscles.] 

Vomiting,  produced  by  the  thought  of  something  disagreeable,  appears  to  be  caused  by  the 
conduction  of  the  excitement  from  the  cerebrum  to  the  vomiting  centre.  [It  may  also  be 
excited  through  the  h-ain  by  a  disagreeable  smell,  shocking  sight,  or  by  other  impressions  on 
the  nerves  of  special  sense.]    Vomiting  is  veiy  common  in  diseases  of  the  brain  [tubercle, 
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inflammation,  liLeiuorrliage.]     Section   of  both  vagi  generally,  but   not  always,  prevents 

^"^Emetfcs  act  (1)  partly  by  meclianically  or  chemically  stimulating  the  ends  of  the  centripetal 
(atferent)  nerves  of  the  mucous  membrane.  [These  are  local  emetics.]  Tickling  the  fauces, 
touching  the  surface  of  the  exposed  stomach  (dog)  ;  and  many  chemical  emetics,  e.g.,  mustard, 
cupric  and  zinc  sulphate,  and  other  metallic  salts,  act  in  this  way._  (2)  Other  substances  cause 
vomitincrwhen  they  are  introduced  into  the  blood  (without  being  first  introduced  into  the  stomach), 
and  act  directly  upon  the  vomiting  centre,  e.g.,  apomorphin.  [These  are  general  e^uetics.]  (3) 
Lastly  there  are  some  substances  which  act  in  both  ways,  e.g.,  tartar  emetic.  Emetics  may 
also  remove  mucus  from  the  lungs,  and  in  this  case  it  is  probable  that  the  emetic  acts  upon 
the  respiratory  centre,  and  so  favours  the  respirations.  The  general  em^iic^  usually  create  con- 
siderable depression,  while  the  vomiting  lasts  longer  than  with  local  emetics.  The  former 
increase  the  salivary,  gastric,  and  respiratory  secretions.      .     ^  ^       .  «. 

[Uses  of  Emetics.— Emetics  are  useful  not  only  for  removing  from  the  stomach  any  otiending 
bodv  be  it  a  poison  or  the  products  of  imperfect  or  perverted  gastric  digestion,  or  bile  which 
has  passed  back  into  the  stomach,  but  foreign  bodies  impacted  in  the  oesophagus  may  be  got 
rid  of  on  exciting  vomiting  by  the  subcutaneous  injection  of  apomorphin  As  the  diaphragm 
contracts  vigorously  during  vomiting,  it  compresses  the  liver,  and  thus  bile  is  expelled  into  the 
duodenum,  or  the  passage  of  a  small  calculus  along  the  bile-duct  may  be  aided.  They  also  are 
useful  in  removing  mucus  or  false  membranes  from  the  respiratory  passages.]  i      •  1 

rAnti-Emetics.— Vomiting  may  be  allayed  by  local  anti-emetics  such  as  ice,  and  many  chemical 
substances  such  as  bismuth,  hydrocyanic  acid,  opium,  and  morphia,  as  well  as  by  general 
remedies  which  act  on  the  vomiting  centre.  Some  of  the  foregoing  drugs  perhaps  act  both 
locally  and  generally.]  ,      .        .     i    ^1   .    i      4.1,  wqiq-tn 

Vomiting  is  analogous  to  the  process  of  rumination  m  animals  that  chew  tbe  cud  iö/j. 
Some  persolis  can  empty  their  stomachs  in  this  way. 

159.  Movements  of  the  intestine.— [The  intestines  consist  of  the  small  and 

large  intestine;  the  small  intestine  commences  at  the  pylorus  and  ends  at  tlie  ^ 
junction  of  the  ileum  with  the  large  intestine  {i.e.,  at  the  caecum),  and  its  length 
is  about  6f  metres  (about  20  feet)  (fig.  172).] 

[The  first  part  of  the  small  intestine  is  the  duodenum,  about  22  cm.  long  and  5  cm.  in 
diameter  -  of  the  remainder  the  upper  third  is  called  jejunum  (2-2  metres  long)  and  the 
lower  two-thirds  the  Ueuvi  (about  4  metres  long),  but  there  is  no  line  of  demarcation  between 
these  parts,  the  one  shading  into  the  other.  The  large  intestine  is  about  1  •4-1 '8  metres 
lono-  (about  5  feet),  wider  than  the  small  and  extends  from  the  termination  of  the  ileum  to  the 
anus.    It  is  divided  anatomically  into  the  ccecum  with  the  vermiform  appendix,  the  colon,  and 

^^rComparatwe  length  and  capacity  of  the  intestines.— There  is  a  marked  difference  between 
the  intestinal  canal  of  herbivora  and  Carnivora.  Vegetable  food  requires  a  much  larger  number 
of  mechanical  and  chemical  aids  for  its  digestion  than  animal  food.  The  intestinal  canal  is 
shortest  in  Carnivora  (cat,  lion,  dog),  longer  in  omnivora  (man,  apes),  and  longest,  sometimes 
very  lon^  and  with  enormous  dilatations,  in  the  pure  herbivora.  In  the  tiger  and  lion  the 
whole  digestive  tract  is  3  times  as  long  as  the  body  [i.e.,  from  the  nose  to  the  anus)  ;  m  the 
doc^  5 :  chimpanzee,  6  ;  man,  9  times.  In  herbivora  it  is  11-26  times  as  long  as  the  body  ;  horse, 
12  ümes  •  pi<^  16  ;  ox,  20  ;  and  goat  26  times.  The  intestinal  canal  of  the  horse  is  comparatively 
short,  but  its  capacity  is  very  great.  The  capacity  of  the  intestinal  tract  (excluding  the 
stomach)  is  in  the  ox,  80  litres ;  horse,  200 ;  pig,  27  ;  and  dog  8.  ^  The  capacity  of  the  stomach  m 
the  ox  is  200,  and  in  the  horse  only  10-18  litres.  The  superficial  area  of  the  intestinal  mucous 
membrane  is  in  the  ox,  15  ;  horse,  15-51  ;  pig,  3,  and  dog,  0-5  square  metres  {MunTc).^ 

Peristalsis.— The  best  example  of  peristaltic  movements  is  afforded  by  the  small 
intestine  ;  the  progressive  narrowing  of  the  tube  proceeds  from  above  downwards, 
thus  propelling  the  contents  before  it.  Frequently  after  death,  or  when  air  acts 
freely  upon  the  gut,  the  peristalsis  develops  at  various  parts  of  the  intestine 
simultaneously,  whereby  the  loops  of  intestine  present  the  appearance  of  a  heap  of 
worms  creeping  amongst  each  other.  The  advance  of  new  intestinal  contents  again 
increases  the  movement.  In  the  large  intestine  the  movements  are  more  sluggish 
and  less  extensive.  The  peristaltic  movements  may  be  seen  and  felt  when  the 
abdominal  walls  are  very  thin,  and  also  in  hernial  sacs.  They  are  more  lively  m 
vegetable  feeders  than  in  Carnivora.  The  peristalsis  is  perhaps  conducted  directly 
through  the  muscular  substance  itself,  as  in  the  heart  and  ureter.  The  movements 
of  the  stomach  and  intestine  cease  during  sleep  (Busch). 
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[Rate  of  Motion. — In  a  Tliiiy-Velly  fistula  (§  183,  II.)  Fubini  estimated  the  rate  of  motion  of 
a  smooth  sphere  of  sealing-wax  along  the  intestine.  It  took  55  sec.  to  travel  1  era.  [f  in.]  ;  an 
induction-current  greatly  increases  the  motion,  to  1  cm.  in  10  seconds  ;  N"aCl  does  not  a(fect  it, 
but  excites  seci-etion  ;  laudanum  paralyses  it.] 

Method  of  Observation.  --Open  the  abdomen  of  an  animal  under  a  "6  per  cent,  saline  solution 
to  prevent  the  exposure  of  the  gut  to  air  {Saunders  and  Braam- Houckgccst). 

The  ileo-colic  valve,  as  a  rule,  prevents  the  contents  of  the  large  intestine  from 
passing  Ijackwards  into  the  small  intestine. 

When  üuid  is  slowly  introduced  into  the  rectum  through  a  tube,  it  passes  upwards  into  the 
intestine,  and  even  goes  through  the  ileo-colic  valve  into  the  small  intestine.  Muscarin  excites 
very  lively  peristalsis  of  the  intestines,  which  may  be  set  aside  by  atropin  {Schmiedeberg  and 
Kop2)e). 

Pathological. —When  any  condition  excites  an  acute  inflammation  of  the  intestinal  mucous 
membrane,  catarrh  is  rapidly  produced,  and  very  strong  contractions  of  the  inflamed  parts  filled 
with  food  take  place.  When  these  parts  of  tlie  gut  become  empty,  the  movements  are  not 
stronger  than  normal.  If  new  material  passes  into  the  inflamed  part,  the  peristalsis  recurs, 
becomes  more  lively  than  normal,  and  the  result  is  diarrhoea  {Nothnagel).  Sometimes  a  greatly 
contracted  part  of  the  small  intestine  is  pushed  into  the  piece  of  gut  directly  continuous  with  it, 
giving  rise  to  invagination,  or  intussusception. 

Anti-peristalsis,  i.e.,  a  movement  which  travels  in  an  upward  direction  towards 
the  stomach,  does  not  occur  normall}^  This  has  been  inferred  from  the  fact,  that 
in  cases  where  the  intestine  is  occluded,  called  ileus,  faecal  matter  is  vomited. 
JS^othnagel's  experiments  throw  doubts  upon  this  view,  as  he  failed  to  observe 
anti-peristalsis  in  cases  Avhere  the  intestine  was  occluded  artificiall3^  The  faecal 
odour  of  the  ejecta  may  resiüt  from  the  prolonged  retention  of  the  material  within 
the  small  intestine. 

160.  EXCRETION  OF  F^CAL  MATTER.— The  contents  of  the  small  intestine 
remain  in  it  about  three  hours,  and  about  twelve  hours  in  the  large  intestine, 
where  they  become  less  watery,  and  they  assume  the  characters  of  faeces,  become 
"  formed "  in  the  lower  part  of  the  great  intestine.  The  faeces  are  gradually 
carried  along  by  the  peristaltic  movement,  until  they  reach  a  point  a  little  above 
that  part  of  the  rectum  which  is  surrounded  by  both  si;)hincters,  the  internal 
sphincter  consisting  of  non-striped,  and  the  external  of  striped  muscle. 

Immediately  after  the  expulsion  of  the  faeces  the  external  sphincter  (fig.  203,  S, 
and  fig.  204)  usually  contracts  vigorously,  and  remains  so  for  some  time.  After- 
wards it  relaxes,  when  the  elasticity  of  the  parts  surrounding  the  anal  opening, 
particularly  of  the  two  sphincters,  suffices  to  keep  the  anus  closed.  In  the  interval 
between  two  evacuations  there  does  not  seem  to  be  a  continued  tonic  contraction 
of  the  sphincters.  As  long  as  the  faeces  lie  above  the  rectum,  they  do  not  excite 
any  conscious  sensations,  but  the  sensation  of  requiring  to  go  to  stool  occurs  when 
the  faeces  pass  into  the  rectum.  At  the  same  time,  the  stimulation  of  the  sensory 
nerves  of  the  rectum  causes  a  reflex  excitement  of  the  sphincters.  The  centre  for 
these  movements  (Budge's  centrum  anospinale)  lies  in  the  lumbar  region  of  the 
spinal  cord  (§  362);  in  the  rabbit  between  the  sixth  and  seventh,  and  in  the  dog 
at  the  fifth  lumbar  vertebra  (Masius). 

In  animals  whose  spinal  cord  is  divided  above  the  centre,  a  slight  touch  in  the  region  of  the 
anus  causes  this  orifice  to  contract,  but  after  this  lively  reflex  contraction  the  sphincters  relax 
again,  and  the  anus  may  remain  open  for  a  time.  This  occurs  because  the  voluntary  impulses 
which  proceed  from  the  brain  to  cause  the  contraction  of  the  external  sphincter  are  absent. 

Landois  observed  that  in  dogs  with  the  posterior  roots  of  their  lower  lumbar  and  sacral  nerves 
divided,  the  anus  remained  open,  and  not  unfrequently  a  mass  of  faeces  remained  half  ejected. 
As  the  sensibility  of  the  rectum  and  anus  was  abolished  in  these  animals,  the  sphincters  could 
not  contract  reflexly,  nor  could  there  be  any  voluntary  contraction  of  the  sphincters,  the  result 
of  sensory  impulses  from  the  rectum. 

The  external  sphincter  can  be  contracted  voluntarily,  like  any  voluntary  muscle, 
but  the  closure  of  the  anus  can  only  be  effected  up  to  a  certain  degree.  When 
the  pressure  from  above  is  very  great,  the  energetic  peristalsis  at  last  overcomes 
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the  strongest  voluntary  impulses.  Stimulation  of  the  peduncles  of  the  cerebrum 
and  of  the  spinal  cord  below  this  point  causes  contraction  of  the  external  sphincter. 

Defsecation.— The  evacuation  of  the  fseces,  which  in  man  usually  occurs  at 
certain  times,  begins  with  a  lively  peristalsis  of  the  large  intestine,  which  passes 
downwards  to  the  rectum.  In  order  that  the  mass  of  faeces  may  not  excite  reflexly 
the  sphincter-muscles,  in  consequence  of  mechanical  stimulation  of  the  sensory 
nerves  of  the  rectum,  there  seems  to  be  a  centre  which  inhibits  the  reflex  action 
of  the  sphincters,  which  is  called  into  play,  owing,  as  it  appears,  to  voluntary 


The  perinfemn  aud  its  muscles 

i 


Fig.  203. 

1,  anus  ;  2,  coccyx 


"  c^'oTyioircavity  rB,'"bulbo-cavernosus  muscle  ;  "Ts,  superficial  transverse  perineal  muscle 
L_  F,  fascia  of  the  deep  transverse  perineal  muscle  ;  J,  ischio-cavernosus  muscle  ; 


3,  tuberosity  ;  4,  sciatic  ligament  :  5, 
■  leal  muse 
M,  obturator 

internus  ;  S,  external  anal  sphincter  ;  L,  levator  ani  ;  P,  pyriformis. 

impulses.  Its  seat  is  in  the  brain,  perhaps  in  the  optic  thalami.  When  this 
inhibitory  apparatus  is  in  action,  the  fsecal  mass  passes  through  the  anus,  without 
causing  it  to  close  reflexly.  The  strong  peristalsis  which  precedes  defsecation  can 
be  aided,  and  to  a  certain  degree  excited  by  rapid  voluntary  movements  ot  the 
external  sphincter  and  levator  ani,  whereby  the  plexus  myentericus  ot  the  large 
intestine  is  stimulated  mechanically,  thus  causing  lively  peristaltic  movements  in 
the  laro-e  intestine.  The  expulsion  of  the  fjeces  is  also  aided  by  the  pressure  ot 
the  abdominal  muscles,  and  most  efficiently  when  a  deep  respiration  is  taken,  so 
as  to  fix  the  diaphragm,  whereby  the  abdominal  cavity  is  diminished  to  tiie 
greatest  extent.  The  soft  parts  of  the  floor  of  the  pelvis,  during  a  strong  effort  at 
stool,  are  driven  downwards  in  the  form  of  a  cone,  causmg  the  mucous  membrane 
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of  the  anus,  which  contains  much  venous  blood,  to  be  everted.  The  function  of 
the  levator  ani  (hgs.  203,  204)  is  to  raise  voluntarily  the  soft  parts  of  the  floor  of 
the  pelvis,  and  to  pull  the  anus  to  a  certain  extent  upwards  over  the  descending 
f^cal  mass.  At  the  same  time,  it  prevents  the  distention  of  the  pelvic  fascia.  As 
the  fibres  of  both  levatores  converge  below,  and  become  united  with  the  fibres  of 
the  external  sphincter,  they  aid  the  latter  during  energetic  contraction  of  the 
sphincter  ;  or,  as  Hyrtl  put  it,  the  levatores  are  related  to  the  anus,  like  the  two 
cords  of  a  tobacco  pouch.    During  the  periods  between  the  evacuation  of  the  gut, 


Fig.  204. 

Levator  ani  and  sphincter  ani  externus. 

the  faeces  appear  only  to  reach  the  lower  end  of  the  sigmoid  flexure.  As  a  rule, 
from  thence  downwards,  the  rectum  is  normally  devoid  of  fseces.  It  seems  that 
the  strong  circular  fibres  of  the  muscular  coat,  which  JS^elaton  has  called  sphincter 
ani  tertius,  when  they  are  well  developed,  contract,  and  prevent  the  entrance  of 
the  fseces.  When  the  tendency  to  the  evacuation  of  the  rectum  is  very  pressing, 
the  anus  may  be  closed  more  firmly  from  without,  by  energetically  rotating  the 
thigh  outwards,  and  contracting  the  muscles  of  the  gluteal  region. 

161.  CONDITIONS  INFLUENCING  THE  INTESTINAL  MOVEMENTS.— 

The  intestinal  canal  contains  automatic  motor  centres  within  its  walls, — the 
plexus  myentericus  of  Auerbach — which  lies  between  the  longitudinal  and 
circular  muscular  fibres  of  the  gut.  It  is  this  plexus  which  enables  the  intestine, 
when  cut  out  of  the  body,  to  execute,  apparently  spontaneously,  movements  for 
some  time. 
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[Structure.— Auerbach's  Plexus  consists  of  non-medullated  nerve-fibres  wliich  form  a  fairly 
dense  network,  groups  of  ganglion  cells  occurring  at  the  nodes  (tig.  206,  and  when  seen  in 
vertical  sections  between  the  muscular  coats  it  is  like  fig.  205.  A  similar  plexus  extends 
tlirouo-liout  the  whole  intestine  between  the  longitudinal  and  circular  muscular  coats  from  the 
cesophagus  to  the  rectum.    Branches  are  given  off  to  the  muscular  bundles.    A  similar,  but 


Fig.  205. 

Auerbach's  plexus  shown  in  section  (human),    a,  ganglionic  cells;  h,  nerve  fibres; 
c,  section  of  the  circular  muscular  fibres  ;  cl,  longitudinal  muscular  fibres. 

not  so  rich  a  plexus,  lies  in  the  sub-mucous  coat— Meissner' s  plexus— which  gives  branches  to 
supply  the  muscularis  mucosre,  the  smooth  muscular  fibres  of  the  villi,  and  the  glands  of  the 
intestine  (fig.  207).] 

1.  If  this  centre  is  not  affected  by  any  stimulus,  the  movements  of  the  intestine 
cease — comparable  to  the  condition  of  the  medulla  oblongata  in  apnoea.  The  same 
is  true — ^just  as  in  the  case  of  the  respiration — during  intra-uterine  life,  in  conse- 
quence of  the  foetal  blood  being  well  supplied  with  0.    This  condition  may  be 


Fig.  206. 

Plexus  of  Auerl)ach,  prepared  from  the  small  intestine  of  a  dog,  by  the  action  of  gold  chloride. 
The  nerve-cells  are  shown  at  the  nodes,  while  the  fibrils  proceeding  from  the  ganglia,  and 
the  anastomosing  fibres,  lie  between  the  muscular  bundles. 

termed  aperistalsis.  It  also  occurs  during  sleep,  perhaps  on  account  of  the 
greater  amount  of  0  in  the  blood  during  that  state. 

2.  AVhen  blood  containing  the  normal  amount  of  blood-gases  passes  through  the 
intestinal  blood-vessels,  the  quiet  peristaltic  movements  of  health  occur  (euperistal- 
sis)  provided  no  other  stimulus  be  applied  to  the  intestine. 
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3.  All  stimuli  applied  to  the  plexus  myentericus  increase  the  peristalsis,  which 
may  become  so  very  violent  as  to  cause  evacuation  of  the  contents  of  the  large 
out,  and  may  even  produce  spasmodic  contraction  of  the  musculature  of  the 
mtestine.  This  condition  may  be  termed  dysperistalsis,  corresponding  to 
dyspnoea.  The  condition  of  the  Uood  flowing  through  the  intestinal  vessels 
affects  the  peristalsis. 

Condition  of  the  Blood.— Dysperistalsis  may  be  produced  by  [a)  interrupting  the  circulation 
of  the  blood  in  the  intestines,  no  matter  whether  ani^emia  (as  after  compressing  the  aorta— 
Schiff)  ov  venous  hyperjemia  be  produced.  The  stimulating  condition  is  the  want  of  0,i.c., 
the 'increase  of  CO.j.  Very  slight  dis- 
turbance in  the  intestinal  blood-vessels, 
e.g.,  venous  congestion  after  copious 
transfusion  into  the  veins,  whereby  the 
abdominal  and  portal  veins  become  con- 
gested, causes  increased  peristalsis.  The 
intestines  become  nodulated  at  one  part 
and  narrow  at  another,  and  involuntary 
evacuation  of  the  fjeces  takes  place  when 
there  is  congestion,  owing  to  the  plug- 
ging of  the  intestinal  blood-vessels  when 
blood  from  another  species  of  aninial 
is  used  for  transfusion  (§  102).  The 
marked  peristalsis  which  occurs  on  the 
approach  of  death  is  undoubtedly  due 
to  the  derangements  of  the  circulation, 
and  the  consequent  alteration  of  the 
amount  of  gases  in  the  blood  of  the  in- 
testine. The  same  is  true  of  the  in- 
creased movements  of  the  intestines 
Avhich  occur  as  a  result  of  psychical 
excitement,  e.g.,  grief.  The  stimulus, 
in  this  case,  passes  from  the  cerebrum 
through  the  medulla  oblongata  (vaso- 
motor centre)  to  the  intestinal  nerves, 
and  causes  antemia  of  the  intestine  (cor- 
responding to  the  pallor  occurring  else- 
where). When  the  normal  condition  of 
the  circulation  is  restored,  the  peristalsis 
diminishes,  ih)  Direct  stimulation  of 
the  intestine,  conducted  to  the  plexus 
myentericus,  causes  dysperistalsis ;  direct 
exposure  of  the  intestines  to  the  air 
(stronger  when  COo  or  CI  is  present)  — 
introduction  of  various  irritating  sub- 
stances into  the  intestine — increased 
filling  of  the  intestine  when  there  is  any 
difficulty  in  emptying  the  gut  (often 
in  man) — direct  stimulation  of  various 
kinds  (also  inflammation), — all  act  upon 
the  intestine,  either  from  without  or  from  within.  Induction-shocks  applied  to  a  loop  of 
intestine  in  a  hernial  sac  cause  lively  peristalsis  in  the  hernia.  AVith  increasing  heat,  at  first 
there  is  diminished  movement  or  cessation  of  movement  (stimulation  of  the  splanchnics) ;  on 
heating  to  '13°  the  movements  recommence. 

4.  The  continued  application  of  strong  stimuli  causes  the  dysperistalsis  to  give 
place  to  rest,  owing  to  over-stimulation,  which  may  be  called  "  intestinal  paresis," 
or  exhaustion. 

This  condition  is  absolutely  different  from  the  passive  condition  of  the  intestine  in  aperistalsis. 
Continued  congestion  of  the  intestinal  blood-vessels  ultimately  causes  intestinal  paralysis,  c.r/., 
Avhen  transfusion  of  foreign  blood  causes  coagulation  within  these  vessels.  Filling  the  blood- 
vessels with  "indifferent*'  fluids,  after  the  peristalsis  has  been  previously  brought  about  by 
compressing  the  aorta,  also  causes  cessation  of  the  movements  {0.  Nasse).  The  movements 
cease  when  the  intestines  are  cooled  to  19°  C.  {Honoath),  while  severe  inflammation  of  the 
intestine  has  a  similar  effect.    Under  favourable  circumstances,  the  intestine  may  recover  from 


Fig.  207. 

Plexus  of  Meissner,  a,  ganglia  ;  h,  anastomosing 
fibres  ;  c,  artery  ;  d,  vaso-motor  nerve-fibres  accom- 
panying c. 
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this  condition.  Arterial  blood  admitted  into  the  vessels  of  tlie  exhausted  intestine  causes 
peristalsis,  which  at  first  is  more  vigorous  than  normal. 

5.  The  continued  application  of  strong  stimuli  causes  complete  paralysis  of  tlie 
intestine,  such  as  occurs  after  violent  peritonitis,  or  inflammation  of  the  muscu- 
lature or  mucous  coat  in  man.  In  this  condition  the  intestine  is  greatly  distended, 
as  the  paralysed  musculature  does  not  offer  sufficient  resistance  to  the  intestinal 
gases  which  are  expanded  by  the  heat.  This  constitutes  the  condition  of 
meteorism. 

Influence  of  Nerves. — With  regard  to  the  nerves  of  the  intestine,  stimulation  of 
the  vagus  increases  the  movements  (of  the  small  intestine),  either  by  conducting 
impressions  to  the  plexus  myentericus,  or  by  causing  contraction  of  the  stomach, 
which  stimulates  the  intestine  in  a  purely  mechanical  manner  {Braam-Houckgeest). 
The  splanchnic  is  (1)  the  inhibitory  nerve  of  the  small  intestine  {Pflüger),  but 
only  as  long  as  the  circulation  in  the  intestinal  blood-vessels  is  undisturbed,  and 
the  blood  in  the  capillaries  does  not  become  venous  ;  when  the  latter  condition 
occurs,  stimulation  of  the  splanchnic  increases  the  peristalsis.  If  arterial  blood  be 
freely  supplied,  the  inhibitory  action  continues  for  some  time.  Stimulation  of  the 
origin  of  the  splanchnics,  of  the  spinal  cord  in  the  dorsal  region  (under  the  same 
conditions),  and  even  when  general  tetanus  has  been  produced  by  the  administration 
of  strychnia,  causes  an  inhibitory  effect.  It  is  inferred  that  the  splanchnic  contains 
besides  inhibitory  fibres— which  are  easily  exhausted  by  a  venous  condition  of  the 
iDlood,  also  (2)  motor  fibres,  which  remain  excitable  for  a  longer  time,  l^ecause  after 
death  stimulation  of  the  splanchnics  always  causes  peristalsis,  just  like  stimulation 
of  the  vagus.  (3)  It  is  the  vaso-motor  nerve  of  the  intestinal  blood-vessels,  so  that 
it  governs  the  largest  vascular  area  in  the  body.  When  it  is  stimulated,  all  the 
vessels  of  the  intestine  which  contain  muscular  fibres  in  their  walls  contract ;  when 
it  is  divided,  they  dilate.  In  the  latter  case,  a  large  amount  of  blood  accumulates 
within  the  blood-vessels  of  the  abdomen,  so  that  there  is  anaemia  of  the  other  parts 
of  the  body,  which  may  be  so  great  as  to  cause  death — owing  to  the  deficient  supply 
of  blood  to  the  medulla  oblongata.  (4)  It  is  the  sensory  nerve  of  the  intestine, 
and,  under  certain  circumstances,  it  may  give  rise  to  very  painful  sensations. 

As  stimulation  of  the  splanchnic  contracts  the  blood-vessels  von  Bäsch  has  raised  the  ques- 
tion whether  tlie  intestine  does  not  come  to  rest,  owing  to  the  want  of  the  blood,  which  acts  as 
a  stimulus.  But,  when  a  weak  stimulus  is  applied  to  the  splanchnic,  the  intestine  ceases  to 
move  before  the  blood-vessels  contract  {van  Braam- Houekgeest)  ;  it  would  therefore  seem  that 
the  stimulation  diminishes  the  excitability  of  the  plexus  myentericus.  According  to  Engel- 
mann  and  v.  Brakel,  the  peristaltic  movement  is  chiefly  propagated  by  direct  muscular  con- 
duction, as  in  the  heart  and  ureter,  without  the  intervention  of  any  nerve-fibres. 

[Effect  of  Nerves  on  the  Rectum.— The  nervi  erigentes,  when  stimulated,  cause  the  longi- 
tudinal muscular  fibres  of  the  rectum  to  contract,  while  the  circular  muscular  fibres  are  supphed 
by  the  hypogastric  nerves.  Stimulation  of  the  latter  nerves  also  exerts  an  inhibitory  eff"ect  on 
the  longitudinal  muscles.  Stimulation  of  the  nervi  erigentes  inhibits  not  only  the  spontaneous 
movements  of  the  circular  fibres  of  the  rectum,  but  also  those  movements  excited  by  stimulation 
of  the  hypogastric  nerves  {Fellner).'] 

[Artificial  Circulation  in  the  Intestine.  —Ludwig  and  Salvioli  excised  a  loop  of  intestine 
from  an  animal,  tied  a  cannula  into  an  artery  and  another  into  a  vein,  and  kept  it  in  a  warm  moist 
atmosphere.  The  arterial  cannula  was  connected  with  a  vessel  containing  defibrinated  blood, 
to  which  different  drugs  could  be  added.  A  lever  rested  on  the  intestine,  and  registered  its 
movements  on  a  recording  surface.  As  long  as  arterial  blood  was  transfused,  the  intestine  was 
nearly  quiescent,  but  when  it  was  arrested,  so  that  the  blood  became  venous,  a  series  of  con- 
tractions occurred.  AHcotin  diminished  the  flow  of  blood  and  quickened  the  intestinal  move- 
ments, while  at  the  same  time  the  circular  muscular  fibres  remained  contraceed  or  tetanic. 
Tincture  of  opium,  in  the  proportion  of  '01  to  -04  in  the  blood,  causes  at  first  contraction  of  the 
vessels,  and  lessens  the  amount  of  blood  circulating  in  the  intestine;  but  it  very  rapidly  increases 
—even  to  six  times— the  amount  of  blood  which  transfuses,  while  at  the  same  time  the  move- 
ments of  the  intestine  cease,  the  walls  of  the  intestine  being  contracted.  Peptone  caused  first 
strong  and  then  irregular  contractions.] 

Effect  of  Drugs.— Amongst  the  reagents  which  act  upon  the  intestinal  movements  are  :— (1) 
Such  as  diminish  the  excitability  of  the  plexus  myentericus,  i.e.,  which  lessen  or  even  abolish 
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intestinal  peristalsis,  e.g.,  belladonna.  (2)  Sucli  as  stimulate  tbe  inhibitory  fibres_  of  the 
splanchnic,  and  in  large  doses  paralyse  them— opium,  morpliia  ;  1  and  2  produce  constipation. 
(3)  Other  agents  excite  the  motor  apparatus— nicotin  (even  causing  spasm  of  the  intestine), 
muscarin,  caffein,  and  many  laxatives,  which  act  as  purgatives.  The  movements  produced  by 
muscarin  are  abolished  by  atropin.  These  substances  accelerate  the  evacuation  of  the  intestine, 
and,  owing  to  the  rapid  movement  of  the  intestinal  contents,  only  a  small  amount  of  water  is 
absorbed  ;  so  that  the  evacuations  are  frequently  fluid.  (4)  Kmoug&t  pv^rgativcs,  colocynth  and 
croton  oil  act  as  direct  irritants.  With  regard  to  drugs  of  this  sort,  they  seem  to  cause  a  Avatery 
transudation  into  the  intestine,  just  as  croton  oil  causes  vesicles  when  applied  to  the  skin.  (5) 
Calomel  is  said  to  limit  the  absorptive  activity  of  the  intestinal  wall,  and  to  control  the  decom- 
positions in  the  intestine.  The  stools  are  thin  and  greenish,  from  the  admixture  of  biliverdin. 
(6)  Certain  saline  purgatives— sodium  sulphate,  magnesium  sulphate— cause  fluid  evacuations 
by  retaining  the  water  in  the  intestine  ;  and  it  is  said  that  if  they  be  injected  into  the  blood- 
vessels of  animals,  they  cause  constipation.    [When  a  crystal  of  a  2^otash  salt  is  apphed  to  the 


Fig.  208.— Vertical  section  of  the  wall  of  the  human  stomach  x  15.  E.,  epithelium  ;  Gl,  glands  ; 
Mm.,  muscularis  mucosfie.  Fig.  209.— Goblet-cells  of  the  stomach.  Fig.  210.— Surface  sec- 
tion of  the  dog's  gastric  mucous  membrane,  showing  pits,  i,  i  ;  a,  the  elevations  round  i,  i. 

[Saline  Cathartics. — A  salt  exerts  a  genuine  excito-secretory  action  on  the  glands  of  the 
intestines,  whilst  at  the  same  time,  in  virtue  of  its  low  diffusibility,  it  impedes  absorption. 
Thus,  between  stimulated  secretion  and  impeded  absorption  there  is  an  accumulation  of  fluid 
within  the  canal,  which  reaches  the  rectum  and  results  in  purgation.  Purgation  does  not  ensue 
when  water  is  withheld  from  the  diet  for  one  or  two  days  previous  to  the  administration  of  the 
salt  in  a  concentrated  form.  When  a  concentrated  solution  of  a  salt  is  administered  to  an 
animal  whose  alimentary  canal  is  empty,  but  whose  blood  is  in  a  natural  state  of  dilution,  the 
blood  becomes  rapidly  very  concentrated,  and  reaches  the  maximum  of  its  concentration  in  from 
half  an  hour  to  an  hour  and  a  half;  within  four  hours  the  blood  has  gradually  returned  to  its 
normal  state  of  concentration,  without  having  reabsorbed  fluid  from  the  intestine.  It  appar- 
ently recoups  itself  from  the  tissue-fluids.  The  salt— sulphate  of  magnesia  or  sulphate  of  soda 
— becomes  split  up  in  the  small  intestine,  and  the  acid  is  more  rapidly  absorbed  than  the  base. 
A  portion  of  the  absorbed  acid  shortly  afterwards  returns  to  the  intestines,  evidently  through 
the  intestinal  glands.  The  salt  does  not  purge  when  injected  into  the  blood,  and  excites  no 
intestinal  secretion  ;  nor  does  it  purge  when  injected  subcutaneously,  unless  on  account  of  its 
causing  local  irritation  of  the  abdominal  subcutaneous  tissue,  which  acts  reflexly  on  the  intestines, 
dilating  their  blood-vessels,  and  perhaps  stimulating  their  muscular  movements  {M.  Hay).] 


Fig.  208. 


Fig.  210. 
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162.  STRUCTURE  OF  THE  STOMACH.— [The  stomach  receives  the  bohis, 
and  secretes  a  juice  which  acts  on  certain  constituents  of  the  food,  while  by  its 


Fig.  211. 

I.  Transverse  section  of  a  duct  of  a  fundus-gland— a,  membrana  propria  ;  h,  mucus-secreting 
goblet-cells;  c,  adenoid  interstitial  substance.  II.  Transverse  section  of  a  fundus-gland  — 
a,  chief,  h,  parietal  cells;  r,  adenoid  tissue;  c,  capillaries. 

muscular  walls  it  moves  the  latter  within  its  own  cavity,  and  after  a  time  expels 
the  partially  digested  products  or  chyme — towards  the  duodenum.  In  the  adult 
when  moderately  distended  its  length  is  about  28  cm. 
and  its  greatest  width  10  cm.] 

[Structure. — The  walls  of  the  stomach  consist  of  four 
coats,  which  are  from  without  inwards  (fig.  208). 

(1)  The  serous  layer,  from  the  peritoneum. 

(2)  The  muscular  layer,  composed  of  three  layers  of 
non-striped  muscular  fibres — (a)  longitudinal,  (h) 
circular,  (c)  oblique. 

(3)  The  sub-mucous  layer  of  loose  connective-tissue, 
with  the  larger  blood-vessels,  lymphatics,  and 
nerves. 

(4)  The  mucous  layer,  containing  the  secretory  glands. 
The  well-developed  mucous  membrane  of  the  stomach 

is  thrown  into  a  series  of  folds  or  rugse,  in  a  contracted 
condition  of  the  organ.  With  the  aid  of  a  hand-lens,  it 
is  seen  to  be  beset  with  small  irregular  depressions  or 
pits  (fig.  210).  Throughout  its  entire  extent  it  is  covered 
by  a  single  layer  of  moderately  tall,  narrow,  cylindrical 
epithelium,  which  seems  to  consist  of  mucus-secreting" 
goblet-cells  (fig.  209).  The  epithelium  is  sharply  defined 
at  the  cardia  from  the  stratified  epithelium  of  the  oeso- 
phagus, and  also  at  the  pylorus,  from  the  true  cylindrical 
epithelium  with  the  striated  disc  in  the  duodenum.  [The 
cells  contain  a  plexus  of  fibrils,  and  in  the  passive  condi- 
tion seem  to  consist  of  two  zones,  an  inner  clear  part, 
next  the  lumen  of  the  organ,  consisting  of  a  substance 
(mucigen)  which  yields  mucus,  the  attached  end  of  the 
cell  being  granular.]  The  oval  nucleus  lies  about  the 
centre  of  the  cells.  Spindle-shaped,  nucleated  cells,  pro- 
bably for  replacing  the  others,  are  said  by  Ebstein  to 
All  the  cells  are  open  at  their  free  ends,  so  that  the  mucus 


Fig.  212. 
Isolated  pyloric  gland. 

occur  at  their  bases. 
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is  readily  discharged,  leaving  the  cells  empty.  Numerous  tubular  glands  of 
two  distinct  kinds  are  placed  vertically,  like  rows  of  test-tu1}es,  in  the  mucous 
membrane. 

The  cardiac  portion  of  the  gastric  mucous  membrane  consists  of  a  number  of 
microscopic  tubular  glands  [5  mm.  to  2  mm.  in  length  and  50-80  ix  in  width], 
placed  side  by  side  in  a  vertical  position, — the  fundus-glands  of  Heidenliain, 
otherwise  called  peptic,  or  cardiac.  Several  gland-tubes,  which  are  wider  below, 
usually  open  into  the  duct  (fig.  213).     Each  gland  consists  of  a  structureless 


Vertical  section  of  the  gastric  mucous  membrane.  g,g,  pits  on  the  surface  ;  2),  neck  of  a  fundus- 
gland  opening  into  a  duct,  g  ;  x,  parietal,  and  y,  chief  cells  ;  a,  v,  c,  artery,  vein,  capil- 
laries ;  cl,  d,  lymphatics,  emptying  into  a  large  trunk,  e. 

membrana  propria  with  anastomosing  branched  cells  in  relation  with  it.  [Each 
gland  has  a  "mouth,"  by  which  it  opens  into  the  stomach;  the  mouth  and  duct 
together  form  about  one-third  of  the  gland.  The  deeper  part  of  the  gland,  called  the 
"  body  "  or  "  secretory  part,"  the  largest  part  of  the  gland,  is  joined  to  the  duct  by 
a  "neck."]  The  duct  is  short,  about  one-fifth  to  one-third  of  the  whole  tube,  and  is 
lined  by  a  layer  of  cells  like  those  lining  the  stomach,  while  the  secretory  part  of 
the  tubes  is  lined  throughout  by  a  layer  of  faintly  granular,  short,  small,  polyhedral, 
or  columnar  nucleated  cells.  These  cells  border  the  very  narrow  tortuous  lumen, 
and  are  called  principal,  chief,  central  (fig.  211,  II,  a),  or  adelomorphous  cells 
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(äS-nXo^  hidden).  At  various  places,  between  these  cells  and  the  niembrana  propria, 
are  laroe,  oval,  or  angular,  well-defined,  coarsely  granular,  densely  reticulated, 
nucleated  cells,  the  parietal  cells  of  Heidenhain,  the  delomorphous  cells  of  EoUett, 
the  oxyntic  (d^vvetv,  to  sharpen,  acidulate),  or  acid-forming  ceUs  of  Langley  (fig.  211), 
(II  h),  or  ovoid  cells.  They  are  most  numerous  in  the  neck  of  the  glands,  and  less 
so  and'larger  in  the  deep  bhnd  end  or  fundus  of  the  tubes.  These  cells  do  not  form 
a  continuous  layer,  and  are  stained  deeply  by  osniic  acid  and  anilme  blue  (fig.  217), 
so  that  they  are  readily  distinguished  from  the  other  cells.  They  bulge  out  the 
membrana  propria  of  the  gland  opposite  where  they  are  placed.  The  parietal  cells 
in  man  are  said  to  reach  to  the  lumen  of  the  gland-tubes  {Stolir).  Isolated  cells 
are  sometimes  found  under  the  epithelium  of  the  surface  of  the  stomach,  and 
occasionally  in  individual  pyloric  glands.  The  fundus-glands  are  most  numerous 
(about  five  millions),  and  are  of  considerable  size  in  the  fundus.  At  the  cardia 
there  is  a  circular  layer  of  gland-tubes  without  parietal  cells  which  secrete  a 
diastatic  ferment  (Edelmann). 

2.  The  pyloric  glands  occur  only  in  the  region  of  the  pylorus,  where  the 
mucous  membrane  is  more  vellowish-white  in  colour  (fig.  212).  These  glands 
are  generally  branched  at  their  lower  ends,  so  that  several  tubes  open  into  a  single 
duct''  [which,  in  contra-distinction  to  the  duct  of  the  cardiac  glands,  is  wide  and 
lono-  extending  often  to  half  the  depth  of  the  mucous  membrane.  They  are  not 
so  closely  packed  as  the  fundus  glands.  The  mouth  and  duct  are  lined  by 
epithelium  like  that  hning  the  stomach,  while  the  secretory  part  is  hned  by  a 
single  layer  of  short,  finely  granular,  columnar  cells,  whose  secretion  is  quite 
difierent  from  that  of  the  cells  lining  the  duct.  The  lumen  is  well  defined. 
Nussbaum  has  occasionally  found  other  cells,  which  stain  deeply  with  osmic  acid, 
between  the  bases  of  these.  The  appearance  of  the  cells  differs  according  to  their 
state  of  physiological  activity  (figs.  215,  216).  When  they  are  exhausted  they 
are  smaller  and  more  granular,  owing  to  the  denser  reticulation  ol  their  net- 
work :  at  any  rate  they  are  granular  in  preparations  hardened  m  alcohol  (fig. 
216).  There  are  no  parietal  cells.]  [Mahl  by  tryptic  digestion  has  shown  that 
the  basement  membranes  of  the  gastric  and  other  intestinal  glands  can  be  resolved 

into  fibrils.]  , .     ,  •  •     i  -^i 

3.  The  glands  are  supported  by  very  dehcate  connective-tissue  mixed  with 
adenoid  tissue  (fig.  211).  Below  this  are  two  layers,  circular  and  longitudinal  ot 
non-striped  muscle,  the  muscularis  mucosae  (fig.  208,  ilfm ),  and  from  it  fine 
processes  of  smooth  muscular  fibres  pass  up  between  groups  of  the  glands  towards 
the  free  epithehal  surface  of  the  mucous  membrane.  Perhaps  these  processes  are 
concerned  in  emptying  the  glands.  [In  the  gastric  mucous  membrane  of  the  cat 
there  is  a  clear  homogeneous  layer,  which  is  stained  red  by  picro-carmme,  and 
placed  immediately  internal  to  the  muscularis  mucosae.  It  is  pierced  by  the 
processes  passing  from  the  muscularis  mucosae.] 

Masses  of  adenoid  tissue  occur  in  the  mucous  membrane,  especially  near  the 
pylorus,  constituting  lymph-foUicles,  which  are  comparable  to  the  sohtary  glands 
of  the  small  intestine.  The  lymphatics  are  numerous,  and  begin  close  under  the 
epithelium  by  dilated  extremities  or  loops  (fig.  213,  d);  they  run  vertically  between 
the  aland-tubes  and  anastomose  in  the  mucosa  between  the  gland-tubes,  wliicli 
they  envelop  in  sinus-like  spaces.  They  join  large  trunks  in  the  mucosa;  another 
plexus  of  large  vessels  exists  in  the  sub-mucosa  (Lo?;ew). 

[The  Nerves  —A  plexus  of  non-medullated  nerve-fibres  and  a  few  ganghon  cells 
exist  in  the  muscular  coat  [Auerbach's],  and  another  [Meissner's]  m  the  sub- 

mucosa.]  ^  j.   •  i  i, 

The  hlood-vessels  are  very  numerous  (fig.  214).  Small  arterial  branches,  a, 
run  in  the  sub-mucosa,  and  ascend  between  the  glands  to  form  a  longitudinal 
capillary  network,  c,c,  under  the  epithelium,  and  between  its  meshes  the  gland- 
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ducts  open,  g.  The  veins  gradually  collect  from  tins  horizontal  capillary  net^vork, 
and  run  towards  the  large  veins  of  the  sub-mucosa,  v. 

[Transition  from  stomach  to  duodenum. — If  a  section  be  made  through  the 
junction  of  the  stomach  with  the  duodenum,  it  shows  the  appearances  presented 
in  fig.  214.    The  glands  of  Brunner  in  the  duodenum  are  seen  to  be  homologous 


Fig.  214. 

Vertical  section  of  the  junction  between  the  stomach  and  duodenimi.    The  blood-vessels  injected. 
V,  villi ;  MM,  muscularis  mucosfe  ;  arteries  red,  veins  blue. 

with  the  pyloric  glands,  but  in  the  duodenum  the  acini  of  the  glands  of  Brunner 
lie  in  the  sub-mucous  coat,  while  in  the  mucous  coat  itself  the  glands  of 
Lieberkühn  appear,  and  with  them  the  villi  so  characteristic  of  the  small 
intestine.] 

163.  THE  GASTRIC  JUICE.— Properties.— The  gastric  juice  is  a  tolerably 
clear  colourless  fluid,  with  a  strong  acid  reaction,  sour  taste,  and  peculiar  character- 
istic odour ;  it  rotates  the  plane  of  polarised  light  to  the  left.  It  is  not  rendered 
turbid  by  boiling,  and  resists  putrefaction  for  a  long  time.  Its  specific  gravity  = 
1002-5  (dog,  1005),  and  it  contains  only  \  per  cent,  of  solid  constituents.  The 
quantity  secreted  in  24  hours  was  estimated  by  Beaumont,  from  observations  upon 
Alexis  St  Martin,  who  had  a  gastric  fistula  (1834) — at  only  180  grms.  daily  (!);  by 
Grunewald  (1853),  in  a  similar  case,  as  equal  to  26-4  per  cent,  of  the  body-weight; 
while  Bidder  and  Schmidt  (from  corresponding  observations  on  dogs)  estimated  it  as 
equal  to  6-|-  kilos,  daily,  corresponding  to      of  the  body-weight.    It  contains : — 

(1)  Pepsin,  the  characteristic  hydrolytic  ferment   or  enzyme,  which  in  an 
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acid  medium  dissolves  proteids.  E.  Schütz  obtained  0-41  to  M7  per  cent,  from 
a  fasting  person  by  means  of  the  oesophageal  sound. 

(2)  Free  hydrochloric  acid  {Prout,  1824),  0-2  to  0-3  {Richet,  0-8  to  2-1)  per 
cent.;  (in  the  dog,  0-52  per  cent.).  The  acid  occurs  as/7-ee  hydrochloric  acid,  as 
from'the  gastric  juice  there  can  always  be  obtained  more  free  chlorine  than  bases 
to  Avhich  the  latter  can  be  united  {G.  Schmidt).  Lactic  acid  is  usually  met  with, 
but  it  arises  from  the  fermentation  of  the  carbohydrates  of  the  food. 

Tests.— Free  hydrochloric  acid  is  detected  by  the  following  reactions  :— 0-025  per  cent,  solu- 
tion of  methyl-violet  ])ecomes  bkie,  especially  after  tannic  acid  has  been  added  to  the  fluid  ;  or 


Fig.  215. 

Section  of  the  pyloric  mucous  membrane. 


Fig.  216. 

Pyloric  glands,  showing  changes  of  the 
cells  during  digestion. 


alkaline  solution  of  oo.trop«olin  becomes  lilac  ;  or,       Bordeaux  wi^^^^ 
alcohol  until  its  colour  al^ä.  <^^^V^-^^Y~Z:°:—^^  r/alcohoUc  solution  of 

mineral  acids  cause,  with  this  solution  ^"gf  ^^^^^  .f mix  equal  quantities 
crystals,  while  concentrated  orgamc  acids  do  not  affect  it.    .^^^^'^^^'^^  not 
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yellow  by  lactic  acid  {Uffelmann).  Allow  the  fluid  to  drop  into  the  test ;  at  the  point  of  contact 
there  is  a  citron-yellow  colour. 

(3)  The  large  amount  of  mucus  covering  the  surface  of  the  mucous  membrane  is 
secreted  by  the  goblet-cells  of  the  mucous  membrane  (§  162). 

(4)  Mineral  salts  (2  per  1000). 

They  are  chiefly  sodium  and  potassium  chlorides,  less  calcic  chloride  (ammonium  chloride, 
also  in  animals),  and  the  compounds  of  phosphoric  acid  with  lime,  magnesium,  and  iron. 

(5)  A  milk-curdling  ferment  (rennet  or  rennin). 

Amongst  foreign  substances,  which  may  be  introduced  into  the  body,  the  following  appear 
in  the  gastric  juice — HI,  after  the  use  of  potassium  iodide— potassium  sulphocyanide,  ferric 
lactate,  and  sugar  ;  and  ammonium  carbonate  in  ursemia. 


[Composition  of  Gastric  Juice  {Hoppe-Seyler  after  C.  Schmidt). 


Constituents. 

I. 

II. 

1  III. 

IV. 

Human. 

I>og. 

Sheep. 

With  saliva. 

No  saliva. 

Water, 

994-404 

971-171 

973-062 

986-143 

Organic  matter, 

3-195 

17-336 

17-127 

4-055 

Free  HCl, 

0-200 

2-337 

8-050 

1-234 

CaClo,  .... 

0-061 

1-661 

0-624 

0-114 

NaCl,  .... 

1-465 

3-147 

2-507 

4-369 

KCl,  .... 

0-550 

1-073 

1-125 

1-518 

NH4C],  .... 

0-537 

0-468 

0-473 

Ga32(P04),  . 

2-294 

1-729 

1-182 

Mg32{P04),  . 

1      0-125  1 

0-323 

0-226 

0-577 

reP04,  .... 

0-121 

0-082 

0-331 

Good  human<^ea4tra  is  not  so  dilute  or  so  poor  in  HCl  as  No.  I.  Szabo  has  found  even  3  of 
HCl  per  1000  in  man.] 

[Comparative. — The  above  table  shows  that  the  gastric  juice  of  mammals  has  approximately 
the  same  composition  as  that  of  man,  but  there  is  more  acid  in  the  case  of  the  Carnivora  than 
in  herbivora  and  man.  The  acidity  is  very  considerable  in  fishes.  It  is  said  that  in  certain 
invertebrates  (crustaceans),  the  gastric  juice  is  alkaline.] 

[The  pepsin  in  frogs  seems  to  be  different  from  that  in  mammals,  at  least  it  is  active  at  0°  C. 
at  which  temperature  mammalian  pepsin  is  inactive.  ] 

[The  gastric  juice  of  new-born  dogs  and  rabbits  does  not  contain  pepsin,  but  it  appears  a  few 
days  after  birth.  In  the  dog,  according  to  Hammarsten,  pepsin  is  formed  until  the  third  week 
after  birth  ;  while  pepsin  is  present  in  the  human  fatal  mucous  membrane  just  before  birth, 
the  acid  appears  much  sooner.] 

_  164.  SECRETION  OF  GASTRIC  JUICE.— After  the  discovery  of  the  two 
kinds  of  glands  in  the  stomach  and  the  two  kinds  of  cells  in  the  fundus-glands, 
the  question  arose  as  to  whether  the  different  constituents  of  gastric  juice  were 
formed  by  different  histological  elements. 

Changes  of  the  Cells  during  Digestion. —During  the  course  of  digestion,  the  cells  of  the 
fundus  (and  pyloric  glands,  dog)  undergo  important  changes  {Heidenhain).  During  hunger, 
the  chief  cells  are  dear  and  large,  the  parietal  investing  cells  are  small,  the  pyloric  cells  clear 
and  of  moderate  size.  During  the  first  six  hours  of  digestion,  the  chief  cells  become  enlarged 
and  moderately  turbid  or  granular,  the  parietal  cells  also  enlarge,  while  the  pyloric  cells  remain 
unchanged  (fig.  217).  The  chief  cells  become  diminished  and  more  turbid  or  granular  until  the 
ninth  hour,  the  parietal  cells  are  still  swollen,  and  the  pyloric  cells  enlarge  (fig.  217,  D). 
During  the  last  hours  of  digestion,  the  chief  cells  again  become  larger  and  clearer,  the  parietal 
cells  diminish,  the  pyloric  cells  decrease  in  size  and  become  turbid  (figs.  215,  216). 

[Langley  gives  a  diß"erent  description  of  the  appearances  presented  by  these  cells.  The 
results  may  be  reconciled  by  remembering  that  the  gland-cells  were  examined  under  different 
conditions.  The  secretory  cells  consist  of  a  cell-substance  composed  of  {a)  a  framework  of  living 
protoplasm,  either  in  the  form  of  an  intracellular  fibrillar  network,  or  in  flattened  bands.  The 
meshes  of  this  framework  enclose  at  least  two  chemical  su.bstances,  viz.,  {h)  a  hyaline  substance 
in  contact  with  the  framework,  and  (c)  spherical  granules  which  are  embedded  in  the  hyaline 
substance.  During  active  secretion,  the  granules  decrease  in  number  and  size,  the  hyaline  sub- 
stance increases  in  amount,  the  network  grows.    This  is  the  reverse  of  what  is  stated  above  as 
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the  observation  of  Heidenhain,  but  the  granular  appearance  described  by  Heidenham  after 
secretion  is  very  probably  due  to  the  action  of  the  hardening  agent,  alcohol.  Langley  foimd 
that  in  the  living  condition,  or  after  the  use  of  osmic  acid,  in  some  animals  at  least,  the  chief 
cells  are  granular  during  rest,  but  during  a  state  of  activity  two  zones  are  differentiated— an 
outer  one,  which  is  clear,  owing  to  the  disappearance  of  the  granules,  and  an  inner  more  or  less 
granular  one.  Granules  reappear  in  the  outer  part  after  rest.  During  digestion,  the  parietal 
cells  increase  in  size,  but  do  not  become  granular.  In  all  cells  containing  much  pepsinogen 
distinct  granules  are  present,  and  the  quantity  of  pepsinogen  varies  directly  with  the  number 
and  size  of  the  granules.  In  the  glands  of  some  animals  there  is  little  difference  between  the 
resting  and  active  phases.    Compare  Serous  Glands,  §  143,  and  Pancreas,  §  168.] 


Fig.  217. 

Fundus  glands  of  dog  stained  with  aniline  blue.  A  and  A',  when  animal  was  starved  ; 
B,  first  stage  of  digestion,  enlargement  of  the  chief  cells  ;  C  and  D  second  stage  of  diges- 
tion, progressive  diminution  and  increased  turbidity  of  the  chief  cells  {Heidenham). 

Pepsin  is  formed  in  the  chief  cells  of  the  fundus-glands.  When  these  are  large, 
they  contain  much  pepsin  ;  when  they  are  turbid,  the  amount  is  small.  The 
pyloric  glands  are  also  said  to  secrete  pepsin,  but  only  to  a  small  extent.  1  epsm 
accumulates  during  the  first  stage  of  hunger,  and  it  is  eliminated  during  digestion, 
and  also  during  prolonged  hunger.  Pepsin,  as  such,  is  not  present  withm  the  cells, 
but  only  as  a  "mother-substance,"  a  pepsinogen-substance  (zymogen),  or  pro- 
pepsin, which  occurs  in  the  granules  of  the  chief  cells.  This  zymogen,  or  mother- 
substance,  by  itself,  has  no  effect  upon  proteids ;  but  if  it  be  treated  with 
hydrochloric  acid  or  sodium  chloride,  it  is  changed  into  pepsin.    Pepsin  and 
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pepsinogen  may  be  extracted  from  the  gastric  mucous  membrane  by  means  of 
water  free  from  acids. 

[The  cliief  reasons  adduced  for  the  view  that  the  chief  cells  secrete  pepsin  are  as  follows  : — (1) 
The  principal  cells  disappear  by  auto-digestion  when  the  mucous  membrane  is  placed  in  1  per 
cent,  hydrochloric  acid,  while  the  parietal  cells  swell  up  and  do  not  disappear  ;  (2)  There 
is  a  relation  between  the  volume  of  these  cells  and  the  quantity  of  pepsin  obtainable  from  the 
mucous  membrane  ;  (3)  The  pyloric  region,  which  contains  no  parietal  cells,  also  secretes  pepsin  ; 
(4)  In  frogs  the  pepsin  is  formed  in  the  oesophageal  glands,  which  contain  only  cells  analogous 
to  the  principal  cells,  while  the  stomach  contains  glands  with  parietal  cells,  bnt  it  secretes 
acid,  and  no  pepsin  ;  (5)  In  the  bat  during  hybernation  the  principal  cells  disappear  almost 
entirely  while  digestive  activity  is  suspended.] 

[Pepsinogen  and  Pepsin. — Glycerin  extracts  very  little  pepsin  from  the  perfectly  fresh 
gastric  mucous  membrane,  but  a  large  amount  is  afterwards  obtained  by  extracting  it  with 
dilute  hydrochloric  acid,  or  with  this  acid  and  glycerin.  The  relative  amount  of  pepsinogen 
and  pepsin,  in  a  fluid  may  be  determined  approximately  by  the  method  of  Langley  and  Edkins. 
A  1  per  cent,  solution  of  sodic  carbonate  exerts  a  greater  destructive  action  on  pepsin  than  on 
pepsinogen,  while  a  current  of  CO.,  destroys  pepsinogen  to  a  greater  extent  than  pepsin.  Both 
substances  are  unaffected  by  CO,  but  are  destroyed  at  54°  to  57°  C] 

[That  pepsinogen  exists  in  the  mucous  membrane  is  proved  as  follows  : — Extract  the  mucous 
membrane  with  water,  or  glycerin  free  from  acid,  until  no  more  pepsin  is  obtainable  from  the 
membrane.  Then  treat  the  latter  with  dilute  hydrochloric  acid  or  sodic  chloride,  when  a  fresh 
quantity  of  pepsin  is  at  once  obtainable.  More  pepsin  is  formed  or  set  free  by  the  action  of 
these  re-agents  upon  some  other  body,  which  has  been  called  propepsin  and  pepsinogen.] 

The  pyloric  glands  also  secrete  pepsin  but  no  acid.  Klemensiewicz  excised 
in  a  living  dog  the  pyloric  j)ortion  of  the  stomach,  and  afterwards  stitched  together 
the  duodenum,  and  the  remaining  part  of  the  stomach. 
The  excised  pyloric  part,  with  its  vessels  intact,  he 
stitched  to  the  abdominal  wall,  after  sewing  up  its 
lower  end.  The  animals  experimented  on  died,  at 
the  latest,  after  six  days..  The  secretion  of  this  part 
was  thin,  allmline,  and  contained  2  per  cent,  of  solids, 
including  pepsin. 

[Pyloric  Fistula. — In  fig.  218,  P  represents  the  excised 
pyloric  portion,  C  the  cardiac.  The  parts  a,  a,  and  a'  a' 
were  then  stitched  together,  and  the  continuity  of  the  organ 
established.    The  lower  end  {d)  of  P  was  closed  by  sutures.  Fig.  218. 

while  the  edges  of  P  at  0  were  stitched  to  the  abdominal  .     .  , 

walls,  thus  making  a  pyloric  fistula.]  Diagram  of  Klemensiewicz  s 

experiment  {Stirling). 

In  the  irog  the  alkaline  glands  of  the  cesoi^hagus 
contain  only  chief  cells  which  produce  pepsin  ;  while  the  stomach  has  glands  which 
secrete  acid  (and  perhaps  some  pepsin),  and  are  lined  by  parietal  cells. 

Amongst  fishes  the  carps  have  no  fundus-glands  in  the  stomach  {Luchem).  [The  secreting 
portions  of  glands  of  the  cardiac  sac  (crop)  of  the  herring  are  lined  by  a  singU  layer  of  polygonal 
cells  {W.  Stirling)?^ 

The  hydrochloric  acid  is  formed,  according  to  Heidenhain,  by  the  parietal  cells. 

It  occurs  on  the  free  surface  of  the  gastric  mucous  membrane  as  well  as  in  the 
ducts  of  the  fundus-glands.  The  deep  parts  of  the  glands  are  usually  alkaline. 
Free  HCl  is  detected  in  human  gastric  juice,  within  45  minutes  to  1  or  2  hours 
after  a  moderate  meal,  but  in  10  to  15  minutes  in  a  fasting  condition  after  drinking 
water  ;  the  amount  gradually  increases  during  the  process  of  digestion.  Lactic 
acid,  perhaps  derived  from  the  food,  is  found  in  the  stomach  immediately  after 
taking  food,  after  half  an  hour,  along  with  HCl,  while  after  an  hour  only  HCl  is 
found  i^Eioald  and  Boas). 

CI.  Bernard  injected  lactate  of  iron,  and  some  time  afterwards  potassium  ferrocyanide,  into 
the  veins  of  a  dog.  After  death,  blue  coloration  occurred  only  in  the  vpijer  acid  layers  of  the 
mucous  membrane.  Nevertheless,  we  must  assume  that  the  hydrochloric  acid  is  secreted  in 
the  parietal  cells  of  the  fundus  of  the  glands,  and  that  it  is  rapidly  carried  to  the  surface  along 
with  the  pepsin.     Brücke  neutralised  the  surface  of  the  gastric  mucous  membrane  with 
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magnesia  usta,  chopped  up  the  mucous  membrane  with  water,  and  left  it  for  some  time,  when 
the  fluid  had  again  an  acid  reaction. 

As  to  the  formation  of  a  free  acid,  the  followmg  statements  may  he  noted  :— 
The  parietal  cells  form  the  hydrochloric  acid  from  the  chlorides  which  the  mucous 
membrane  takes  up  from  the  blood.  According  to  Yoit,  the  formation  of  acid 
ceases,  if  chlorides  be  withheld  from  the  food.  Maly  suggests  that  the  active 
agent  is  lactic  acid,  which  splits  up  sodium  chloride  and  forms  free  HCl.  The 
base  set  free  is  excreted  by  the  urine,  rendering  it  at  the  same  time  less  acid. 
The  formation  of  acid  is  arrested  during  hunger.  According  to  H.  Schultz,  watery 
solutions  of  alkaline  and  earthy  chlorides  are  decomposed,  even  at  a  low  tempera- 
ture, by  CO2,  free  hydrochloric  acid  being  formed. 

rif  thin  sections  of  the  fresh  mucous  membrane  be  placed  for  a  day  in  lactate  of  iron  and 
then  treated  with  potassic  ferrocyanide,  Sehrwald  finds  that  the  parietal  cells  become  dark  blue, 
while  the  chief  cells  remain  colourless,  so  that  the  chief  cells  appear  to  be  alkahne  and  the 

^^[^The^souice  of 'the  HCl  is  undoubtedly  the  sodic  chloride  in  the  blood  and_ lymph,  but  what 
other  acid  displaces  the  HCl  is  a  matter  of  conjecture.  In  this  connection  it  is  important  to 
remember  that  Jul.  Thomsen  has  shown  that  every  acid  can  displace  a  part  of  another  acid  from 
its  combination  with  its  base,  and  the  weaker  acid  may  even  combine  with  the  greater  part  of 
the  base.  Thomsen  calls  this  "  avidity."  Even  strong  mineral  acids  may  be  displaced  by^veak 
organic  ones.  Thus  the  free  CO,  in  the  alkaline  blood  may  set  free  a  small  qjjantity  of  HCl 
horn  the  sodic  chloride.  What  is  still  more  remarkable  is,  that  the  tree  HCl  should  be  trans- 
ferred by  the  cells  towards  the  gland-duct  while  the  sodic  carbonate  diff-uses  towards  the  blood 
and  lymph.]  .  •  ^1 

[The  milk-curdling  ferment  or  rennm  exists  m  the  mucous  membrane  m  the 
state  of  a  zymogen,  from  which  it  is  formed  under  the  action  of  acids.  According 
to  Langley  'it  exists  in  the  principal  cells.] 

Secretion.— [The  secretion  of  gastric  juice  is  intermittent  except  m  the  case  ot 
those  animals  like  the  rabbit,  whose  stomachs  always  contain  food.]    When  the 
stomach  is  empty,  there  is  usually  no  secretion  of  gastric  juice  ;  this  takes  place 
only  after  appropriate  (mechanical,  thermal,  or  chemical)  stimulation.    In  the 
normal  condition,  it  takes  place  immediately  on  the  introduction  of  food,  but  also 
of  indigestible  substances,  such  as  pebbles.    The  mucous  membrane  becomes  red, 
and  the  circulation  more  active,  so  that  the  venous  blood  becomes  brighter.  [That 
the  vagi  are  concerned  in  this  vascular  dilatation  is  proved  by  the  fact  that  if  both 
nerves  be  divided  during  digestion,  the  gastric  mucous  membrane  becomes  pale 
(EiitJierford).^    The  secretion  is  probably  caused  reflexly,  and  the  centre  perhaps 
lies  in  the  wall  of  the  stomach  itself  (Meissner's  plexus  hi  the  sub-mucous  coat). 
It  is  asserted  that  the  idea  of  food,  especially  during  hunger,  excites  secretion. 
As  vet  we  do  not  know  the  effect  produced  upon  the  secretion  by  stimulation  or 
destruction  of  other  nerves,  e.g.,  vagus,  sympathetic.    [There  is  no  nerve  passing 
to  the  stomach,  whose  stimulation  causes  a  secretion  of  gastric  juice,  as  the  chorda 
tympani  does  in  the  submaxillary  gland.    If  the  vagi  be  divided  sufficiently  low 
down  not  to  interfere  with  respiration,  the  introduction  of  food  still  causes  a 
secretion  of  gastric  juice  ;  even  if  the  sympathetic  branches  be  divided  at  the  same 
time,  secretion  still  goes  on  {Heidenliain).    Division  of  the  vagi  m  the  neck  is 
not  a  satisfactory  experiment  in  relation  to  the  secretion  of  gastric  juice,  lor  this 
experiment  produces  so  many  other  effects.    If  the  vagi  be  divided  below  the 
orio-in  of  the  pulmonary  and  cardiac  branches,  gastric  juice  containing  pepsin  and 
caplible  of  digestion  is  said  by  some  observers  to  be  still  secreted  (see  under).  Tins 
experiment  points  to  the  existence  of  local  secretory  centres  m  the  stomach.  Lut 
there  is  evidence  to  show  that  there  is  some  connection,  perhaps  indirect,  between 
the  central  nervous  system  and  the  gastric  glands.    Richet  observed  a  case  ot 
complete  occlusion  of  the  oesophagus  in  a  woman,  produced  by  swallowing  a 
caustic  alkah.    A  gastric  fistula  was  made,  through  which  the  person  could  be 
nourished.    On  placing  sugar  or  lemon  juice  in  the  person's  mouth,  Kichet 
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observed  a  secretion  of  gastric  juice.  In  this  case  no  saliva  could  be  swallowed  to 
excite  secretion,  so  that  it  must  have  taken  place  through  some  nervous  channels. 
Even  the  sight  or  smell  of  food  caused  secretion.  Emotional  states  also  are 
known  to  interfere  with  gastric  digestion.] 

[Ill  dogs  Pawlow  made  a  gastric  fistula,  divided  the  oesophagus,  and  stitched  the  two  cut 
ends  of  the  latter  into  the  wound  in  the  neck.  After  recovery  of  the  animals  he  found  that 
flesh,  when  eaten,  excited  a  copious  reflex  secretion  of  gastric  juice  (20  c.c.  in  5  minutes)  in  an 
empty  stomach.  Of  course  the  food  in  this  case  escaped  by  the  divided  oesophagus  and  did  not 
enter  the  stomach.  Tliis  eff'ect  was  not  altered  by  section  of  the  splanchnic  nerves.  Division 
of  the  vagi,  however,  completely  abolished  the  reflex.  After  section  of  the  vagi,  for  several 
days  only  strongly  acid  mucus  flowed  from  the  stomach,  but  it  had  scarcely  any  action  on 
Proteids.  Stimulation  of  the  peripheral  end  of  the  divided  left  vagus  caused  a  clear  watery  fluid 
to  flow  from  the  fistula,  which,  although  less  acid  than  normal  juice,  was  capable  of  digesting 
Proteids.] 

Effect  of  Absorption  of  peptic  products. — Heidenhain  isolated  a  jDart  of  the 
mucous  membrane  of  the  fundus  so  as  to  form  a  blind  sac  of  it,  and  he  found  that 
mechanical  stimulation  caused  merely  a  scanty  local  secretion  at  the  spots  irritated. 
If,  however,  at  the  same  time,  absorption  of  digested  matter  also  occurred,  secretion 
took  place  over  larger  surfaces.  [He  distinguishes  a  primary  and  merely  local 
secretion  excited  by  the  mechanical  stimulus  of  the  ingesta,  and  a  secondary 
depending  on  absorption,  and  extending  to  the  whole  of  the  mucous  membrane.] 

The  statement  of  Schiff,  that  active  gastric  juice  is  secreted  only  after  absorption  of  the  so- 
called  peptogenic  substances  (especially  dextrin)  is  contradicted  by  other  observers. 

The  acid  contents  of  the  stomach  called  chyme,  which  pass  into  the  duodenum 
after  gastric  digestion  is  completed,  are  neutralised  by  the  alkali  of  the  intestinal 
mucous  membrane  and  the  pancreatic  juice,  [at  the  same  time  a  precipitate  is 
formed  and  deposited  on  the  walls  of  the  duodenum,  and  it  carries  the  pepsin  down 
Avitli  it].  Part  of  the  pepsin  is  reabsorbed  as  such,  and  is  found  in  traces  in  the 
urine  and  muscle  juice  (Brücke).  If  the  gastric  juice  be  completely  discharged  ex- 
ternally through  a  gastric  fistula,  the  alkalinity  of  the  intestine  is  so  strong  that  the 
urine  becomes  alkaline  (Maly). 

The  acid  gastric  juice  of  the  new-born  child  is  already  fairly  active  ;  casein  is  most  easily 
digested  by  it,  then  fibrin  and  the  other  proteids  {Zweifel).  When  the  amount  of  acid  is  too 
great  in  the  stomach  of  sucklings,  large  firm  indigestible  masses  of  casein  are  apt  to  be  formed, 
especially  after  the  use  of  cow's  inilk  (§  230). 

[Action  of  Drugs  on  Gastric  Secretion.  —Dilute  alkalies,  if  given  before  food  ;  saliva  ;  some 
substances  called  peptogens  by  Schiff",  such  as  dextrin  and  peptones,  alcohol  and  ether,  ail  excite 
secretion,  the  last  being  very  powerful.  When  the  secretion  is  excessively  acid,  antacids  are 
given,  some  diminishing  the  acidity  in  the  stomach,  as  the  carbonates  and  bicarbonates  of  the 
alkaUes,  liquor  potassge,  and  the  carbonate  of  magnesia  ;  while  the  citrates  and  tartrates  of  the 
alkalies,  becoming  converted  into  carbonates  in  their  passage  through  the  organism,  diminish 
the  acidity  of  the  urine.]  Small  doses  of  alcohol,  introduced  into  the  stomach,  increase  the 
secretion  of  gastric  juice  ;  large  doses  arrest  it.  Artificial  digestion  is  affected  by  ]0  per  cent, 
of  alcohol,  is  retarded  by  20  per  cent.,  and  is  arrested  by  stronger  doses.  Beer  and  wine  hinder 
digestion,  and  in  an  undiluted  form  interfere  with  artificial  digestion. 

165.  METHODS  OF  OBTAINING  GASTRIC  JUICE.— Historical.— Spallanzani  caused 
starving  animals  to  swallow  small  pieces  of  sponge  enclosed  in  perforated  lead  capsules,  and 
after  a  time,  when  the  sponges  had  become  saturated  with  gastric  juice,  he  removed  them  from 
the  stomach.  To  avoid  the  admixture  of  saliva,  the  sponges  are  best  introduced  through  an 
opening  in  the  oesophagus.  Dr  Beaumont  (1825),  an  American  physician,  Avas  the  first  to 
otjtain  human  gastric  juice,  from  a  Canadian  named  Alexis  St  Martin,  who  was  injured  by  a 
gun-shot  wound,  whereby  a  permanent  gastric  fistula  was  established.  Various  substances 
were  introduced  through  the  external  opening,  which  was  partially  covered  with  a  fold  of  skin, 
and  the  time  required  for  their  solution  was  noted.  Bassow  (1842),  Blondlot  (1843),  and  Bar- 
deleben (1849)  were  thereby  led  to  make  artificial  gastric  fistulee. 

Gastric  Fistula. — The  anterior  abdominal  wall  is  opened  by  a  median  incision  just  below  the 
ensiform  cartilage,  the  stomach  is  exposed,  and  its  anterior  wall  opened  and  afterwards  stitched 
to  the  margins  of  the  abdominal  walls.  A  strong  cannula  is  placed  in  the  fistula  thus  formed. 
The  tube  is  kept  corked.  If  the  ducts  of  the  salivary  glands  be  tied,  a  perfectly  uncomplicated 
object  for  investigation  is  obtained. 
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According  to  Leube,  dilute  human  gastric  juice  may  be  obtained  by  means  of  a  sypbon-like 
tube  introduced  into  the  stomach.    Water  is  introduced  first,  and  after  a  time  it  is  withdrawn. 

An  important  advance  was  made  when  Ebeiie  (1834)  prepared  artificial  gastric  ßnice,  by 
extracting  the  pepsin  from  the  gastric  mucous  membrane  with  dilute  hydrochloric  acid.  Four 
litres  of  solution  of  hydrochloric  acid,  containing  4  to  8  c.c.  HCl  per  1000,  are  sufficient  to 
extract  the  chopped-up  mucous  membrane  of  a  pig's  stomach.  Half  a  litre  is  infused  with  the 
stomach  and  renewed  every  six  hours.  The  collected  fluid  is  afterwards  filtered.  The  substance 
to  be  digested  is  placed  in  this  fluid,  and  the  whole  is  kept  at  the  temperature  of  the  body,  but 
it  is  necessary  to  add  a  little  HCl  from  time  to  time  {Schioann).  The  HCl  may  be  replaced  by 
ten  times  its  volume  of  lactic  acid  and  also  by  nitric  acid  ;  while  oxalic,  sulphuric,  phosphoric, 
acetic,  formic,  succinic,  tartaric,  and  citric  acids  are  much  less  active  ;  butyric  and  salicylic 
acids  are  inactive. 

Von  Wittich's  Method.— (a)  Glycerin  extracts  pepsin  in  a  very  pure  form.  Ihe  mucous 
membrane  is  rubbed  up  with  powdered  glass  until  it  forms  a  pulp,  mixed  with  glycerin,  and 
allowed  to  stand  for  eight  days.  The  fluid  is  pressed  through  cloth,  and  the  filtrate  mixed  with 
alcohol,  thus  precipitating  the  pepsin,  which  is  washed  with  alcohol  and  afterwards  dissolved  m 
the  dilute  HCl,  to  form  an  artificial  digestive  fluid.  (6)  Or  the  mucous  membrane  may  be 
placed  for  twenty-four  hours  in  alcohol,  and  afterwards  dried  and  extracted  for  eight  days  with 
glycerin,    (c)  Wm.  Roberts  has  used  other  agents  for  extracting  enzymes  (§  148).  _  ^ 

Preparation  of  Pure  Pepsin.— Brücke  pours  on  the  pounded  mucous  membrane  of  the  pig  s 
stomach  a  5  per  cent,  solution  of  phosphoric  acid,  and  afterwards  adds  lime-water  until  the 
acid  reaction  is  scarcely  distinguishable.  A  copious  precipitate,  which  carries  the  pepsin  with 
it,  is  produced.  This  precipitate  is  collected  on  cloth,  repeatedly  washed  with  water,_  and 
afterwards  dissolved  in  very  dilute  HCl.  A  copious  precipitation  is  caused  in  this  fluid  by 
gradually  adding  to  it  a  mixture  of  Cholesterin  in  four  parts  of  alcohol  and  one  of  ether.  1  he 
Cholesterin  pulp  is  collected  on  a  filter,  washed  with  water  containing  acetic  acid,  and  after- 
wards with  pure  water.  The  Cholesterin  pulp  is  placed  in  ether  to  dissolve  the  Cholesterin,  and 
the  ether  is  then  removed.    The  small  watery  deposit  contains  the  pepsin  in  solution. 

Pepsin  so  prepared  is  a  colloid  substance  ;  it  does  not  react  like  albumin  with 
the  following  tests,  viz.  : — It  does  not  give  the  xanthroprotein  reaction  (§  248),  is 
not  precipitated  by  acetic  acid  and  potassium  ferrocyanide,  nor  by  tannic  acid, 
mercuric  chloride,  silver  nitrate,  or  iodine.  In  other  respects  it  belongs  to  the 
group  of  albuminoids.  It  is  rendered  inactive  in  an  acid  fluid  by  heating  it  to 
55°  to  60°  C. 

166.  PROCESS  OF  GASTRIC  DIGESTION. --[In  the  process  of  gastric  diges- 
tion we  have  to  consider — 

1.  The  secretion  of  gastric  juice  and  its  action  on  food. 

2.  The  absorption  of  the  products  of  this  digestion. 

3.  The  movements  of  the  stomach  itself.] 

Chyme.  The  finely  divided  mixture  of  food  and  gastric  juice  is  called  chyme. 

The  gastric  juice  acts  upon  certain  constituents  of  chyme. 

1.  Action  on  Proteids. — Pepsin  and  the  dilute  hydrochloric  acid,  at  the 
temperature  of  the  body,  transform  proteids  into  a  soluble  and  diffusible  form,  to 
which  Lehmann  (1850)  gave  the  name  of  "peptone"  (§  249,  III.).  Fibrin  (or 
coagulated  proteids)  first  becomes  clear  and  swollen  up.  [There  seems  to  be  a 
close  relation  between  the  acid  and  the  ferment,  so  much  so  that  some  have  spoken 
of  it  as  "  pepsin-acid  "  and  others  as  "  pepto-hydrochloric  acid."] 

[It  is  commonly  stated  that  the  first  product  formed  during  the  gastric  digestion 
of  proteids  is  syntonin  or  para-peptone,  then  hemi-albumose  or  pro-peptone,  and 
finally  peptone.  The  products  vary,  however,  with  the  proteid  digested.  Kühne 
has  shown  that  the  proteid  molecule  is  split  up,  and  yields  two  groups,  which  he 
calls  hemi-peptone  and  anti-peptone  (p.  296).  A  mixture  of  the  two  he  calls 
ampho-peptone.  Hemi-peptone  can  be  split  up  into  leucin  and  tyrosin  by  trypsin, 
while  the  anti-peptone  does  not  undergo  this  change.  The  intermediate  body,  or 
pro-peptone,  is  really  a  mixture  of  several  bodies.  Kühne  called  it  hemi-albumose. 
These  intermediate  bodies  from  albumin  are  called  albumoses,  from  globuHns 
globuloses,  from  casein  caseoses.  Halliburton  calls  all  these  intermediate 
bodies  "  proteoses."] 
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Properties  of  Hemi-albumose.  Although  a  composite  body,  henii-albumose 
gives  the  following  reactions  : — It  is  highly  soluble  in  water ;  when  heated  to  50° 
to  60°  it  becomes  somewhat  turbid,  but  when  boiled  it  becomes  clear,  and  gets 
turbid  again  on  cooling.  This  effect  is  most  marked  when  it  is  treated  with 
acetic  acid  and  sodic  chloride,  or  the  latter  alone.  It  is  precipitated  by  acetic 
acid  and  potassic  ferrocyanide,  but  the  precipitate  disappears  on  heating  and 
reappears  on  cooling.  It  gives  the  biuret  rosy  tint  reaction  like  peptones.  It  is 
precipitated  hij  iiitric  acid,  and  the  precipitate  adheres  to  the  glass,  but  is  soluble 
in  the  acid  with  the  aid  of  heat,  yielding  a  yellow  fluid,  but  is  precipitated  on 
cooling.  It  is  precipitated  by  boiling  with  acetic^  acid  and  a  strong  solution  of 
sodic  sulphate,  metaphosphoric  acid,  and  pyrogallic  acid  {Kühne).  It  is  said  to 
be  present  in  all  animal  tissues  except  muscle  and  nerve  (§  293). 

[Albumoses  are  the  first  products  of  the  splitting  up  of  proteids  by  enzymes, 
and  from  them  peptones  are  ultimately  formed.  They  may  be  made  from  Witte's 
peptone,  or  by  the  peptic  digestion  of  fibrin.  Such  a  mixture,  on  being  neutralised 
with  sodic  carbonate,  gives  a  copious  precipitate  of  para-peptones,  which^  can  be 
filtered  ofi",  leaving  a  clear  solution  of  albumoses.  Para-peptones  are  said  to  be 
closely  related  to  acid-albumin  or  syntonin.  On  saturating  the  clear  fluid  with 
JsaCl,  a  dense  white  precipitate,  consisting  of  three  albumoses,  called  proto- 
dys-,  and  hetero-albumose  is  obtained;  a  fourth,  deutero-albumose,  remains  in 
solution,  but  can  be  precipitated  by  adding  acetic  acid.  If  the  albumose  precipitate 
be  treated  with  10  per  cent.  IN'aCl  solution,  proto-  and  hetero-albumose  are 
dissolved,  leaving  dys-albumose  undissolved.  Dialysis  of  the  sahne  solution 
precipitates  hetero-albumose,  leaving  proto-albumose  in  solution.  It  is  probable 
however,  that  hetero-  and  dys-albumose  are  identical,  or  that  the  former  is  merely 
an  insoluble  form  of  the  latter.  The  albumoses  are  bodies  intermediate  between 
albumins  and  peptones,  and  of  the  three,  deutero-albumose  is  nearest  to  peptones. 
An  important  character  is  that  they  do  not  dialyse  or  diftuse  readily.  The 
albumoses  also  are  produced  by  the  activity  of  many  micro-organisms  and  doubt- 
less play  an  important  part  in  many  pathological  processes  (§  249).] 

Properties  of  the  Albumoses. — Proto-albumose  is  soluble  in  distilled  water,  is  not  changed 
by  heat,  but  is  precipitated  by  saturation  of  the  solution  with  sodic  chloride,  by  HNO3,  acetic 
acid  and  potassic  ferrocyanide,  copper  sulphate,  mercuric  chloride.  Deutero-albumose  is  very 
like  the  foregoing,  but  it  is  not  precipitated  by  HNO3  or  on  adding  sodic  chloride  to  saturation, 
but  precipitation  occurs  when  20  to  30  per  cent  of  acetic  acid  is  added.  Hetero-albumose 
resembles  a  globulin  in  its  properties  ;  it  is  insoluble  in  distilled  water,  but  is  soluble  m  saline 
solutions  (10  to  15  per  cent.),  and  is  partly  precipitated  from  its  solution  by  saturation  with 
NaCl  or  by  dialysis.  It  is  coagulated  by  heat.  All  give  the  rosy-pink  colour  with  the  biuret- 
reaction,  and  they  are  all  precipitated  by  saturation  with  neutral  ammonia  sulphate,  which 
peptones  are  not  {Kühne  and  Chittenden).]    See  also  §  249. 

[Globuloses  from  the  globulin  of  ox-serum  are  obtained  in  the  same  way,  although  the  ferment 
has  much  less  action  on  globulin  than  on  albumin.  Speaking  generally,  they  resemble  the 
albumoses.] 

By  the  continued  action  of  the  gastric  juice,  the  pro-peptone  passes  into  a  true 
soluble  peptone.  The  unchanged  albumin  behaves  like  an  anhydride  with  respect 
to  the  peptone.  The  formation  of  peptone  is  due  to  the  taking  up  of  a  molecule 
of  water,  under  the  influence  of  the  hydrolytic  ferment  pepsin,  and  the  action 
takes  place  most  readily  at  the  temperature  of  the  body.  Gelatin  is  changed  into 
a  gelatin-peptone. 

[Method  of  separating  the  products  of  gastric  digestion.  If  fibrin  or  white  of 
egg  be  digested  for  some  time  with  gastric  juice,  these  proteids  will  ultimately  be 
dissolved.  i^eutralise  the  digest  with  sodic  carbonate  and  a  greater  or  less 
precipitate  of  para-peptones  will  be  obtained.  Filter.  The  filtrate  contains  other 
digested  proteids.  Saturate  it  with  crystals  of  neutral  ammonium  sulphate,  which 
will  precipitate  the  albumoses  ;  filter  these  off",  and  the  solution  still  contains 
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peptone,  which  can  be  precipitated  by  much  alcohol.  Ammonium  sulphate 
precipitates  all  soluble  proteids  except  peptones.] 

According  to  Kühne,  the  proteid  molecule  contains  two  preformed  substances  in  its  composi- 
tion :  anti-albumin  and  hemi-albumin.  Gastric  juice  at  first  converts  them  into  anti-albumose 
and  hemi-albumose,  and  ultimately  the  former  is  converted  into  anti-peptone  and  the  latter 
into  hemi-peptone  (§  170,  II.).  Only  the  latter  is  capable  of  being  split  up  by  trypsin  into 
leucin  and  tyrosin  by  the  action  of  the  pancreatic  juice  (§  249). 

[The  following  scheme  represents  the  results  :— 

Action  of  Enzymes  (ferments). 


Albumin. 

I 


^  I  Anti-albumose.  Hemi-albumose. 

g  I      I  1  1  I 

•J  I  Anti-peptone.    Anti-peptone.          Hemi-peptone.  Hemi-peptone. 
<  I  I   ^  

^  ill!, 

Leucin,  Tyrosin,  &c.       Leucin,  Tyrosin,  &c.] 

The  greater  the  amount  of  pepsin  (within  certain  limits),  the  more  rapidly  does 
the  solution  take  place.  The  pepsin  suffers  scarcely  any  change,  and  if  care  be 
taken  to  renew  the  hydrochloric  acid,  so  as  to  keep  it  at  a  uniform  amount,  the 
pepsin  can  dissolve  new  quantities  of  albumin.  Still,  it  seems  that  some  pepsin  is 
used  up  in  the  process  of  digestion  {GrUfzner).  Proteids  are  introduced  into  the 
stomach  either  in  a  solid  (coagulated)  or  fluid  condition.  Casein  alone  of  the 
fluid  forms  is  precipitated  or  coagulated,  and  afterwards  dissolved.  The  non- 
coagulated  proteids  are  transformed  into  syntonin,  without  being  previously 
coagulated,  and  are  then  changed  into  pro-peptone  and  directly  peptonised,  i.e., 
actually  dissolved. 

When  albumin  is  digested  by  pepsin  at  the  temperature  of  the  body,  a  not  inconsiderable 
amount  of  heat  disappears,  as  can  be  proved  by  calorimetric  experiment  {Mcdy).  Hence,  the 
temperature  of  the  chyme  in  the  stomach  falls  0°-2  to  0°-6  C.  in  two  to  three  hours  {v.  Fintschgau 
and  Died). 

Coagulated  albumin  may  be  regarded  as  the  anhydride  of  the  fluid  form,  and  the 
latter  again  as  the  anhydride  of  peptone.  The  peptones,  therefore,  represent  the 
highest  degree  of  hydration  of  the  proteids. 

Hence,  peptones  may  be  formed  from  proteids  by  those  reagents  which  usually  cause  hydra- 
tion, viz.,  treatment  with  strong  acids  (from  ftbrin,  with  0*2  HCl),  caustic  alkalies,  putrefactive 
and  various  other  ferments,  and  ozone. 

The  anhydride  proteid  has  been  prepared  from  the  hydrated  form.  Henniger 
and  Hofmeister,  by  boiling  pure  peptone  with  dehydrating  substances  (anhydrous 
acetic  acid  at  80°  C),  have  succeeded  in  decomposing  it  into  a  body  resembling 
syntonin. 

Peptones.— (1)  They  are  completely  soluble  in  water.  (2)  They  diffuse  very 
easily  through  animal  membranes.  (3)  They  filter  quite  easily  through  the  pores  of 
animal  membranes.  (4)  They  are  not  precipitated  by  boiling,  nitric  acid,  acetic 
acid  and  potassium  ferrocyanide,  acetic  acid  and  saturation  with  common  salt. 
(5)  They  are  precipitated  from  neutral  or  feebly  acid  solutions  by  mercuric  chloride, 
tannic  acid,  bile  acids,  and  phospho-molybdic  acid.  (6)  With  Millon's  reagent 
they  react  like  proteids,  and  give  a  red  colour,  and  with  nitric  acid  give  the  yellow 
xantho-protein  reaction.  (7)  With  caustic  potash  or  soda  and  a  small  quantity  of 
cupric  sulphate,  [or  Fehling's  solution],  they  give  a  beautiful  rosy-red  colour,  the 
biuret-reaction.    (8)  They  rotate  the  plane  of  polarised  light  to  the  left. 

[Kühne  and  Chittenden,  making  use  of  the  fact  that  ammonium  sulphate  to 
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saturation  precipitates  all  proteids  from  solution  except  peptone,  have  reinvestigated 
the  subject,  and  they  find  that  many  of  the  peptones  of  commerce  contain  albumoses. 
Pure  peptone  has  remarkable  properties.  When  dissolved  in  water,  it  hisses  and 
froths  like  jDhosphoric  anhydride,  heat  is  evolved,  and  a  brown  solution  is  formed. 
It  is  difficult  to  preserve  it.  It  is  not  precipitated  by  JS^aCl,  or  ^faCl  and  acetic 
acid,  but  is  completely  precipitated  by  phospho-tungstic  and  phospho-molybdic 
acids,  tannin,  iodo-mercuric  iodide,  picric  acid.  Peptones  have  a  cheesy  taste,  while 
albumin  and  albumoses  are  tasteless.] 

The  biuret-reaction  is  obtained  with  hemi-albumose,  as  well  as  with  a  form  of  albumin,  which 
is  formed  during  artificial  digestion  and  is  soluble  in  alcohol.  It  is  called  "alkoi)hyr"  by 
Brücke.  [Darby's  fluid-meat  gives  all  the  above  reactions,  and  is  very  useful  for  studying  the 
tests  for  peptones,] 

The  rapidity  of  solution  of  fibrin  is  tested  by  placing  fibrin,  which  is  swollen  up  by  the 
action  of  0"2  per  cent.  HCl  in  a  glass  funnel,  and  adding  the  digestive  fluid,  observing  the 
rapidity  with  which  the  fluid,  tlie  altered  fibrin,  drops  from  the  funnel,  and  the  fibrin  disappears 
{Grünhagen).  Or  the  fibrin  may  be  coloured  with  carmine,  swollen  up  in  0"1  per  cent.  HCl, 
and  placed  in  the  digestive  fluid.  The  more  rapidly  the  fluid  is  coloured  red,  the  more  energetic 
is  the  digestion. 

Preparation. — Pure  peptones  are  prepared  by  taking  fluid  which  contains  them  and 
neutralising  it  with  barium  carbonate,  evaporating  upon  a  water-bath,  and  filtering.  The 
barium  is  removed  from  the  filtrate  by  the  careful  addition  of  sulphuric  acid,  and  subsequent 
filtration. 

Ptomaines. — Brieger  extracted  from  gastric  peptones  by  amylic  alcohol  a  peptone-free  poison, 
with  actions  like  those  of  curare.  It  belongs  to  the  group  oi ptomaines,  i.e.,  alkaloids  obtained 
from  dead  bodies  or  decomposing  proteids.  [Ptomaines  are  identical  with  the  alkaloids  in 
plants,  and  many  have  been  isolated.  The  term  leucomaine  has  been  applied  by  Gautier  to 
alkaloids  formed  by  the  decomposition  of  albuminous  bodies  during)  the  normal  metabolic 
processes  taking  place  in  the  tissues.  They  are  not  formed  by  the  activity  of  micro-organisms. 
Some  seem  to  be  formed  in  muscle,  and  are  closely  allied  to  creatin  and  xanthin  (§  250,  IV.).] 

Peptones  are  undoubtedly  those  modifications  of  albumin  or  proteids  which, 
after  their  absorption  from  the  intestinal  canal  into  the  blood,  are  destined  to 
make  good  the  proteids  used  up  in  the  human  organism.  [It  is  important  to  note, 
however,  that  peptones  are  not  found  in  the  blood.  They  seem  to  be  reconverted 
into  some  other  proteid  as  they  pass  through  the  mucous  membrane  of  the 
intestine  towards  the  blood  (§  192).]  By  giving  peptones  (instead  of  albumin)  as 
food  life  can  not  only  be  maintained,  but  there  may  even  be  an  increase  of  the  body- 
Aveight  {Plosz  and  Maly,  Adamldeiüicz).  Yery  probably,  before  being  actually 
absorbed  into  the  blood-stream,  peptones  are  retransformecl  into  serum-albumin 
or  some  closely  allied  body  (§  192). 

Conditions  affecting  Gastric  Digestion. — The  presence  of  peptones  already  formed  interferes 
with  the  action  of  the  gastric  juice,  in  so  far  as  the  greater  concentration  of  the  fluid  interferes 
with  and  limits  the  mobility  of  the  fluid-particles.  Boiling,  concentrated  acids,  alum,  and 
tannic  acid,  alkalinity  of  the  gastric  juice  {e.g.  by  the  admixture  of  much  saliva),  abolish  the 
action  ;  also  sulphurous  and  arsenious  acids  and  potassic  iodide.  The  salts  of  the  heavy  metals, 
which  cause  precipitates  with  pepsin,  peptone,  and  mucin,  interfere  with  gastric  digestion,  and 
so  do  concentrated  solutions  of  alkaline  salts,  common  salt,  magnesium  and  sodium  sulphates. 
A  small  quantity  of  !N"aCI  increases  the  secretion  {Oy^iltzner)  and  favours  the  action  of  })epsin. 
Alkalies  rapidly  destroy  pepsin,  but  less  rapidly  pro-pepsin  (Langley).  Alcohol  precipitates  the 
pepsin,  but  by  the  subsequent  addition  of  water  it  is  redissolved,  so  that  digestion  goes  on  as 
before.  Any  means  that  prevent  the  proteid  bodies  from  swelling  up,  as  by  binding  them 
firmly,  impede  digestion.  Slightly  over  half  a  pint  of  cold  water  does  not  seem  to  disturb 
healthy  digestion,  but  it  does  so  in  cases  of  disease  of  the  stomach.  Copious  draughts  of  water, 
and  violent  muscular  exercise,  disturb  digestion  ;  while  warm  clothing,  especially  over  the  pit 
of  the  stomach,  aids  it.  Menstruation  retards  gastric  digestion.  [Oddi  finds  that  the  pres- 
ence of  large  quantities  of  ox  bile,  or  even  of  its  own  bile  in  the  stomach  of  a  dog,  does  not 
aff'ect  the  activity  of  the  gastric  juice,  does  not  precitjitate  peptones,  and  does  not  excite  vomit- 
ing (p.  348),] 

[Artificial  Digestion. — The  action  of  gastric  juice  on  proteids  may  be  observed 
outside  the  body,  and  we  can  prove,  as  is  shown  in  the  following  table,  after 
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Entherford,  that  pepsin  and  an  acid-e.gr.,  hydrochloric,  along  with  water-are 
essential  to  the  formation  of  gastric  peptones  :— 


Beaker  A. 

Beaker  B. 

Beaker  C. 

Water. 

Pepsin,  0-3  per  cent. 
Fibrin. 

Water. 

HCl,  0  -2  per  cent. 
Fibrin. 

Water. 

Pepsin ,  0  '3  per  cent. 
HCl,  0-2 
Fibrin. 

Keep  all  in  water-bath  at  38°  C. 

Unchanged. 

Fibrin  swells  np,  becomes  clear,  and_  is 
changed  into  acid-albumin  or  syntonin. 

Fibrin  ultimately  changed 
into  peptone. 

fin  all  animals,  gastric  digestion  is  essentially  an  acid  digestion,  and  between 
the  native  proteid— fibrin,  albumin,  or  any  other  form  of  proteid— and  the  end- 
product  peptone  there  are  numerous  intermediate  substances— proteoses— the 
properties  and  characters  of  many  of  which  have  still  to  be  investigated.] 

rNatural  versus  Artificial  Digestion.-It  is  to  be  remembered  that  there  is  a  very  great 
difference  between  natural  and  artificial  digestion.  In  the  former,  the  gastric  juice  js  secreted 
all  the  time  the  food  is  present  in  the  stomach,  so  that  there  is  a  f7«^^^-^W%P^-orK)rtion  o  acid 
and  ferment.  Moreovei-  the  movements  of  the  stomach  thoroughly  mix  the  food  with  the 
dio-estive  iuice.  The  peptones  are  absorbed  as  they  are  formed  or  pass  into  the  duodenum,  so 
that  they  do  not  accumulate  in  the  mixture  and  retard  the  process  ot  digestion,  as  is  the  case 
in  artificial  dicrestiou.  It  is  obvious  that  as  ordinarily  conducted  artificial  digestion  diffeis 
fron  no^ll  e.g.,  in  the  stomach,  in  the  want  of  the  following  factors-the  absence 

of(l)  constant  movempnts  of  the  contents;  (2)  constant  removal  of  the  digestive  products  ; 
and  (3)  continuous  addition  of  fresh  supply  of  digestive  juice.]  ^  •  .  i 

[Kronecker  and  his  pupils,  Brink  and  Popoff,  state  that  tlje  gastric  and  intestina  m^^^^^^^^^^ 
membrane  can  change  gastric  peptones  into  serum -albumin.  The  ivog  s  heart  can  do  the  same, 
but  much  mor  slowly  The  test  applied  for  the  conversion  of  peptone  into  serum-albumm  was 
Siron  through  the  excised  amphibian  heart,  which  Kronecker  regards  as  a  very  sensitive 
S  for  s  unillbumin.  A  solution  of  peptone-whicb  acts  injuriously  on  the  heart-when 
introduced  into  the  stomach,  or  better,  the  intestine,  of  a  dog,  and  then  perfused  through  tke 
heart,  restores  the  latter  after  it  has  been  exhausted  by  perfusion  of  normal  saline  J 

rExclusion  of  the  Stomach. -Ogata  finds  that  if  the  stomach  be  divided  at  the  pyloric  end 
so  as  to  exclude  the  stomach  from  the  digestive  apparatus,  a  dog  can  ^^'«,^^«^1"^^^^  f^^'^^^jl^ 
time  bv  introducing  food  through  the  pylorus  into  the  duodenum.  A  dog  has  lived  seveial 
ye™rs  after  excision  of  its  stomach  {C.erny).  Raw  flesh  so  introduced  is  d^gf  f  .f  «^'^ J^P^d  ^ 
in  the  small  intestine  than  in  the  stomach.  The  stomach  not  only  digests,  but  it  acts  on  the 
connective  tissue  of  flesh  so  as  to  prepare  the  latter  for  intestinal  digestion.] 

II  Action  on  other  Constituents  of  Food.— Milk  coagulates  or  curdles  when  it 
enters  the  stomach,  owing  to  the  precipitation  of  the  casein,  and  m  doing  so  it 
entancxles  some  of  the  milk-globules.  [The  curd  is  afterwards  dissolved  and 
dicrested  by  the  gastric  juice.]  During  the  process  of  coagulation,  heat  is  given 
off  The  free  hydrochloric  acid  of  the  gastric  juice  is  itself  sufficient  to  pre- 
cipitate it;  the  acid  removes  from  the  alkali-albuminate  or  casein  the  alkah  which 
keei)s  it  in  solution.  Hammarsten  separated  a  special  ferment  from  the  gastric 
iuice— quite  distinct  from  pepsin— the  milk-curdling  ferment,  which,  quite  inde- 
pendently of  the  acid,  precipitates  the  casein  either  in  neutral  or  alkaline  solutions. 
It  is  this  ferment,  or  rennet,  or  rennin,  which  is  used  to  coagulate  casein  m  the 
makincT  of  cheese.  [Rennin  can  curdle  milk  in  a  neutral  solution,  and  neutrahsed 
crastric^uice  can  do  so  also.  The  action  of  rennin  is  most  active  about  40°  G.,  and 
its  curdling  action  is  destroyed  by  boiling.]  Rennet  is  formed  from  a  mother- 
substance  in  the  chief  cells  of  the  gastric  glands  (p.  292).  [Rennet  is  an  infusion 
of  the  fourth  stomach  of  the  calf  in  brine  (§  231).  The  ferment  which  coagulates 
milk  is  quite  distinct  from  pepsin.  If  magnesic  carbonate  be  added  to  an  mtusion 
of  calf's  stomach,  a  precipitate  is  obtained.  The  clear  fluid  has  strongly  coagulating 
properties,  while  the  precipitate  is  strongly  peptic] 
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The  action  of  the  milk-curdling  ferment  is  perhaps,  like  the  action  of  all  ferments,  a  hydration 
of  casein  ;  it  is  greater  in  the  presence  of  0-2  HCl. 

One  part  of  the  rennet-ferment  can  precipitate  800,000  parts  of  casein.  When  casein 
coagulates,  two  new  proteids  seem  to  be  formed — the  coagulated  proteid  which  constitutes 
cheese,  and  a  body  resembling  peptone  dissolved  in  the  whey — whey -proteid.  The  addition  of 
calcium  chloride  accelerates,  while  water  retards  the  coagulation  (§  231)  {Ha77imarsten).  [A 
ferment  similar  to  rennet  is  contained  in  the  seeds  of  Wiihania  coagidans  {S.  Lea).] 

Casein  is  first  precipitated  in  the  stomach,  then  a  body  like  syntonin  is  formed,  and  finally 
peptone.  During  the  process,  a  substance  containing  phosphorus  and  resembling  nuclein 
appears  [Lubavin). 

[Action  of  Acids  versus  Rennin  on  Milk. — If  a  dilute  acid  Le  added  to  milk  the 
casein  is  precipitated  as  such  and  not  as  a  curd.  It  may  even  be  re-dissolved  and 
curdled  with  rennin.  Casein  may  also  be  precipitated  unchanged  by  neutral 
salts  (i^aCl,  MgSO^).  The  precipitate  when  washed  can  be  redissolved  in  water 
in  the  presence  of  calcic  phosphate,  and  this  solution  is  coagulated  by  rennin. 
When  casein  is  curdled  by  rennin,  however,  the  casein  is  split  up  into  two 
proteids — an  insoluble  one  forming  the  curd,  and  a  soluble  one  allied  to  albumin. 
The  curdling  of  milk  therefore  seems  to  be  due  to  the  splitting  up  of  a  comj^lex 
proteid  by  a  ferment ;  one  of  the  jDroteids  is  soluble,  and  closely  allied  to  albumin — 
whey-proteid — the  other  is  insoluble,  and  forms  the  curd  :  but  this  reaction  will  not 
take  place — at  least  an  insoluble  curd  will  not  be  formed — if  calcic  phosphate  be 
entirely  absent.  "We  are  reminded  of  the  analogous  case  of  the  coagulation  of  blood 
produced  by  the  splitting  up  of  fibrinogen  in  the  presence  of  neutral  salts.] 

[Much  confusion  has  existed  regarding  the  terminology  of  the  proteids  in  milk  (§  231).  The 
chief  proteid  in  milk,  by  some  called  casein,  exists  in  milk  partly  dissolved  and  partly  in  sus- 
pension. The  curd  precipitated  by  rennin  is  quite  insolulDle  in  the  whey.  Some  apply  the 
term  casein  to  the  proteid  which  is  present  in  milk,  and  curd  to  the  insoluble  casein  produced 
by  the  ferment  action  of  rennet.  Halliburton  proposes  to  call  the  proteid  in  milk  caseinogen, 
and  that  which  composes  the  curd  casein.    Foster  calls  the  latter  tyrein.] 

There  is  a  "lactic  acid  ferment"  also  present  in  gastric  juice,  which  changes 
milk-sugar  into  lactic  acid  {Hammarsten).  Part  of  the  milk-sugar  is  changed  in 
the  stomach  and  intestine  into  grape-sugar. 

Action  on  Carbohydrates. — Gastric  juice  does  not  act  as  a  solvent  of  starch, 
inulin,  or  gums.  Cane-sugar  is  slowly  changed  into  grape-sugar.  According  to 
Uffelmann,  the  gastric  mucus,  and  according  to  Leube,  the  gastric  acid,  are  the  chief 
agents  in  this  process. 

Action  on  Albumenoids  and  Fats — During  the  digestion  of  true  cartilage,  there 
is  formed  a  chondrin-peptone,  and  a  body  which  gives  the  sugar-reaction  with 
Tromnier's  test.  Perfectly  pure  elastin  yields  an  elastin-peptone,  similar  to  albumin- 
peptone,  and  hemi-elastin  similar  to  henii-albumose.  A  very  minute  quantity  of 
fat  is  broken  up  into  glycerin  and  fatty  acids.  [On  neutral  olive-oil  being  injected 
into  the  stomach  of  a  dog,  after  several  hours — the  pylorus  being  plugged  with 
an  elastic  bag — it  partly  splits  up  and  yields  oleic  acid  {Gash  and  Ogata).] 

[We  still  require  further  observations  on  the  gastric  digestion  of  fats.  Ricliet  observed  in 
his  case  of  fistula,  that  fatty  matters  remained  a  long  time  in  the  stomach,  and  Ludwig  found 
the  same  result  in  the  dog.  In  some  dyspeptics,  rancid  eructations  often  take  place  towards 
the  end  of  gastric  digestion.] 

III.  Action  on  the  various  Tissues. — (1)  The  gelatin-yielding  substance  (collagen)  of  all  the 
connective-tissues  (connective-tissue,  white  fibro-cartilage,  and  the  matrix  of  bone),  as  well  as 
glutin,  is  dissolved  and  peptonised  by  the  gastric  juice.  [Gelatin,  when  acted  on  by  gastric 
juice,  no  longer  solidifies  in  the  cold,  but  a  gelatin  peptone  is  formed,  which  is  soluble  and 
diffiisible,  although  it  differs  from  true  peptone.  In  the  dog,  connective-tissues  are  specially 
acted  on  in  the  stomach,  while  the  other  parts  of  organs  used  as  food  are  jjrepared  for 
digestion  in  the  small  intestine,  where  the  cellular  and  nuclear  elements  are  digested  by  the 
pancreatic  juice  (Bikfalvi).]  (2)  The  structureless  membranes  (membrans«  propriae)  of  glands, 
sarcolemma,  Schwann's  sheatli  of  nerve-fibres,  capsule  of  the  lens,  the  elastic  laminae  of  the 
cornea,  the  membranes  of  fat-cells  are  dissolved,  but  the  true  elastic  (fenestrated)  membranes 
and  fibres  are  not  aff"ected.  (3)  Striped  muscle,  after  solution  of  the  sarcolemma,  breaks  up 
tranversely  into  discs,  and,  like  non-striped  muscle,  is  dissolved,  and  forms  a  true  soluble 
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peptone,  but  parts  of  the  muscle  always  pass  into  the  intestine  (4)  The  albuminous 
constituents  of  the  soft  cellular  elements  of  glands,  stratified  epithelium  endothe  mm,  and 
Ivmph-cells,  form  peptones,  but  the  nuclein  of  the  nuclei  does  not  seem  t^  be  dissolved.  (5) 
The  horny  parts  of  the  epidermis,  nails,  hair,  as  well  as  chitin,  silk,  conchiolm,  and  spongin 
of  the  lower  animals,  are  indigestible,  and  so  are  amyloid-substance  and  wax  (6)  ihe  red 
blood-corpuscles  are  dissolved,  the  hemoglobin  decomposed  into  hematm  and  a  globulin-like 
substance  ;  the  latter  is  peptonised,  while  the  former  remains  unchanged  and  is  partly 
absorbed  and  transformed  into  bile-pigment.  Fibrin  is  easily  dissolved  to  form  hemi-  and 
anti-peptone.  (7)  Mucin,  which  is  also  secreted  by  the  goblet-cells  of  the  stomach,  passes 
through  the  intestines  unchanged.  (8)  Vegetable  fats  are  not  affected  by  the  gastric  jmce. 
Vegetable  cells  yield  their  protoplasmic  contents  to  form  peptones,  while  the  cellulose  of  the  cell- 
wafl,  in  the  case  of  man  at  least,  remains  undigested  (§  184).  [(9)  On  gluten-ca^ein,  the  chief 
Proteid  obtainable  from  wheaten  flour  or  bread,  artificial  gastric  juice  yields  soluble  products 
or  proteoses,  or  gluten-caseoses-which  bear  the  same  relation  to  the  mother-substance  as  the 
albumoses  of  fibrin  or  albumin  do  to  the  mother-proteid.  There  is  no  essential  difference  iii 
the  general  character  of  the  proteids  in  this  case  between  the  animal  and  vegetable  proteid. 
(Chittenden  and  Smith).]  ,       ,       ,        .  j-     4.  7-  •  .  .-c 

Why  the  Stomach  does  not  digest  itself.— That  the  stomach  can  digest  living  things  is 
shown  by  the  following  facts : -Bernard  introduced  the  leg  of  a  living  frog  through  a  gastric 
fistula  in  to  the  stomach  of  a  dog.  Pavy  did  the  same  with  the  ear  of  a  rabbit,  and  m  both  cases  the 
obiects  introduced  were  digested.  [Frenzel  has  modified  this  experiment,  and  shown  that  the 
legs  of  a  living  frog  are  digested  by  artificial  gastric  juice,  the  tissues  being  first  killed  and  then 
digested.  Hi!  experiments  go  to  show  that  the  alkalinity  of  the  blood  is  not  the  protective 
medium.]  The  margins  of  a  gastric  ulcer  and  of  gastric  fistulas  in  man  are  attacked  by  the 
o-astric  iuice.  John  Hunter  (1772)  discussed  the  question  why  the  stomach  does  not  digest 
ft^elf  Not  unfrequently  after  death  the  posterior  wall  of  the  stomach  is  found  digested,  [more 
especially  if  the  person  die  after  a  full  meal  and  the  body  be  kept  in  a  warm  place,  whereby  the 
contents  of  the  stomach  may  escape  into  the  peritoneum.  CI.  Bernard  showed  that  i  a  labb  t 
be  killed  and  placed  in  an  oven  at  the  temperature  of  the  body,  the  walls  of  the  stomach  aie 
attacked  by  its  own  gastric  juice.  Fishes  also  are  frequently  found  Avith_  their  stomach  par- 
tially digested  after  death].  It  would  seem  therefore,  that,  so  long  as  the  circulation  continues 
the  tissifes  are  protected  from  the  action  of  the  acid  by  the  alkaline  h\ood ;  this  action  cannot 
take  place  if  th^  reaction  be  alkaline  (Pavy).  [This,  however,  does  not  explain  why  the  pm- 
creati^c  juice  does  not  digest  the  pancreas.]  Ligature  of  the  arteries  of  the  stomach  causes 
digestive  softening  of  the  gastric  mucous  membrane.    The  thick  layer  of  "^^^^^1  ^ '^^"^ 

protecting  the  stomach  from  the  action  of  its  own  gastric  juice  {CI.  Bernard).  [Viola  and 
Gaspardi  find  that  if  the  spleen,  with  its  circulation  still  intact,  be  introduced  through  a  gastric 
fistula  into  the  stomach  of  S  dog,  it  is  not  digested  even  after  40  hours,  but  if  the  circulation  was 
stopped  it  was  reduced  to  a  pulp  in  8  hours.  Here  there  is  no  question  of  the  existence  ot 
columnar  epithelium  and  a  coating  of  mucus.]  .  n^,^^ 

[Comparative. —The  process  of  gastric  digestion  seems  to  be  essentially  the  same  in  all  classes 
of  vertebrates,  with  this  exception,  that  while  the  gastric  juice  of  ma^iimals  and  birds  is  inactive 
at  0°  C,  that  of  cold-blooded  animals  is,  although  the  optimum  of  the  latter  is  20_  C.  In  tne 
human  fcetus  pepsin  is  formed  shortly  before  birth,  and  according  to  Hammarsten,  m  the  rabbit 
it  is  formed  in  the  last  week  of  intra-uterine  life,  and  m  the  dog  m  the  third  week  after  biith. 
The  formation  of  acid  takes  place  much  sooner.] 

167.  GASES  IN  THE  STOMACH.— The  stomacli  always  contains  a  certain 
quantity  of  gas,  derived  partly  from  the  gases  swallowed  with  tlie  saliva,  partly 
frojn  gases  which  pass  backwards  from  the  duodennm.  i     •      n  • 

The  air  in  the  stomach  is  constantly  imdergoing  changes,  whereby  its  O  is 
absorbed  by  the  blood,  and  for  1  vol.  of  0  absorbed  2  vols,  of  CO,  are  returned  to 
the  stomach  from  the  blood.  Hence,  the  amount  of  0  in  the  stomach  is  very 
small,  the  CO,  very  considerable  (Planer). 

Gases  in  the  Stomach.— Vol.  per  cent.  {Planer-). 


Human  Subject  after  Vegetable  Diet. 

1  Dog. 

I. 

II. 

I.                1  IT. 

:  After  Animal  Diet.  !     After  Legumes. 

CO,,    .       .       .  20-79 
H,      .       .       .  6-71 
N,       .       .       .  72-50 
0,       .       .  . 

33-83 
27-58 
38-22 
0-37 

i           25-2           1  32-9 

1           68-7  66-3 
6-1          1  0-8 
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By  the  acid  of  the  stomach  a  part  of  the  CO^  is  set  free  from  the  saHva,  which 
contains  much  COg  (§  146).    The  JN'  acts  as  an  indifferent  substance. 

Abnormal  development  of  gases  in  persons  suffering  from  gastric  catarrh  occurs  when  the 
gastric  contents  are  neutral  in  reaction  ;  during  the  butyric  acid  fermentation  H  and  CO^  are 
formed  ;  the  acetic  acid  and  lactic  acid  fermentations  do  not  cause  the  formation  of  gases. 
Marsh-gas  (CH4)  lias  been  found,  but  it  comes  from  the  intestine,  as  it  can  only  be  formed 
when  no  0  is  present  (§  184). 

168.  Structure  of  the  Pancreas. — [The  pancreas  is  a  long,  narrow,  compound 
tubular  gland  of  a  cream  colour  and  soft  texture,  which  lies  across  the  ^^osterior 
wall  of  the  abdomen  behind  the  stomach  and  opposite  the  first  lumbar  vertebra  (fig. 
219).  It  is  about  18  cm.  long,  4  cm.  broad,  and  I'b  cm.  thick,  and  weighs  about  75 
grams.    The  broader  end  or  head  lies  in,  and  is  embraced  by  the  curvature  of  the 

Pancreatic  duct.  Common  bile  duct. 


Fig.  219. 

Pancreas  and  duodenum  removed  from  the  body,  and  seen  from  behind.    The  gland  is  cut 

to  show  the  ducts. 

duodenum,  and  the  narrow  end  or  tail  is  in  contact  with  the  spleen.  The  duct — 
duct  of  Wir  sung — is  about  2-3  mm.  in  diameter,  runs  along  the  whole  length  of 
the  gland,  and  in  its  coarse  it  receives  nearly  at  right  angles  contributory  small 
ducts  from  the  different  lobules  of  the  gland.  It  opens,  along  with  the  common 
bile-duct,  into  the  duodenum,  piercing  the  coats  of  the  latter 
obliquely  about  8  to  10  cm.  below  the  pylorus.  In  man 
there  is  a  small  accessory  duct — the  duct  of  Santorini — 
opening  independently  into  the  duodenum.  The  gland  has 
a  thin  connective-tissue  capsule  which  sends  a  fine  process 
and  septa  between  its  lobules,  and  these  septa  carry  into  it 
the  blood-vessels  and  nerves.  The  duct  consists  of  connec- 
tive tissue,  and  is  lined  by  a  single  layer  of  non-striated 
columnar  or  cylindrical  cells.  When  traced  backwards  the 
ducts  open  into  intermediate  or  intercalary  parts  lined  by 
flattened  epithelium,  while  the  intercalary  parts  open  into 
the  acini.] 

The  pancreas  is  a  compound  tubular  gland,  and  in  its 
general  arra.ngement  into  lobes,  lobules,  and  system  of  ducts 
and  acini,  it  corresponds  exactly  to  the  true  salivary  glands 
(§  142).  The  single  layer  of  cylindrical  epithelial  cells 
lining  the  ducts  is  not  at  all,  or  only  faintly,  striated.  The 
acini  are  tubular,  or  flask-shaped,  and  often  convoluted.. 
They  consist  of  a  membrana  propria,  resembling  that  of  the 
salivary  glands,  lined  by  a  single  layer  of  somewhat  cylindrical  cells,  with  a  more 
or  less  conical  apex,  directed  towards  the  very  narrow  lumen  of  the  acini.  [As 
in  the  salivary  glands,  there  is  a  narrow  intermediary  part  of  the  ducts  opening 


Fig.  220. 

Section  of  the  acini  of 
fresh  pancreas,  show- 
ing the  small  lumen 
of  the  acini  and  the 
granular  inner  zone 
in  the  cells  lining 
the  acini. 
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into  the  acini,  and  lined  by  flattened  epitlielium.  The  acini  are  larger  and  more 
tubular  than  those  of  the  salivary  gland,  and  moreover,  the  acmi  are  more  numerous, 
so  that  in  a  section  far  fewer  ducts  are  seen.] 

[The  cells  lining  the  acini  consist  of  two  zones  (fig.  220) :— (1)  The  smaller 
outer  or  parietal  zone  in  each  cell  is  transparent,  homogeneous,  sometimes 
faintly  striated,  and  readily  stained  with  carmine  and  logwood ;  and  (2)  the 
inner  zone  (Bernard's  granular  layer)  is  granular,  and  stains  but  slightly  with 
carmine  (figs.  221,  222).  [This  inner  zone  contains  a  large  number  of  more  or 
less  refractiVe  granules  depending  on  the  state  of  physiological  activity  of  the 

gland  (fig.  222).]  It  undoubtedly 
contributes  to  the  secretion  by  giving 
off  material,  the  granules  being  dis- 
solved, while  the  zone  itself  becomes 
smaller.  The  spherical  nucleus  lies 
between  the  two  zones.  [The  lumen 
of  the  acini  is  very  small,  and 
spindle-shaped  or  branched  cells 
(centro-acinar  cells)  lie  in  it,  and 
send  their  processes  between  the 
secretory  cells,  thus  acting  as  sup- 
porting cells  for  the  elements  of  the 
wall  of  the  acini.  During  secretion 
there  is  a  continuous  change  in  the 
Fig.  221.  appearance  of  the  cell-substance  ;  the 

Section  of  a  pancreas  stained  with  picro-carmine.    granules  of  the  inner  zone  dissolve 
D,  duct];  C,  capsule  ;  A,  acinus  {Stirling).  f^^^-^  ^^^^^      ^^^q  secretion  ;  new 

granules  are  formed  in  the  homogeneous  substance  of  the  outer  zone,  and  pass 
towards  the  inner  zone  {Heidenhain,  Kulme,  and  Lea). 

rChanges  in  the  Cells  during  Digestion.— When  the  cells  are  examined  in  the  fresh  condi- 
tion during  the  resting  phase,  or  when  the  cells  are  "loaded,"  they  contain  throughout  then- 
'         ^  substance  a  large  number  of 

refractive  "granules"  or  spher- 
ules, which  may  obscure  the 
nucleus.  In  the  active  phase, 
or  in  a  "  discharged  "  cell,  the 
granules  are  far  less  numerous, 
they  have  disappeared  from  the 
outer  zone  of  the  cell,  and  are 
confined  to  its  inner  zone,  and 
the  relative  width  of  the  clear 
more  or  less  homogeneous  outer 
zone  and  that  of  the  inner  gran- 
ular zone  depends  upon  the 
activity  of  the  cells,  and  the 
There  is  a  close  resemblance 

Stween'the  c7ni^tioro>the"^  and  those  of  the  serous  salivary  glands.]  Accord- 

ing to  Heidenhain,  during  the  first  stage  (6  to  10  hours)  the  granular  mner  zone  dimimshes 
in  size  the  granules  disappear,  while  the  striated  outer  zone  increases  m  size  (hg.  222  2).  in 
the  second  stage  (10  to  20  hours)  the  inner  zone  is  greatly  enlarged  and  granular,  while  the  outer 
zone  is  small  (fig.  222,  3).  During  hunger  the  outer  zone  again  enlarges  (fig.  222,  1)  in  a 
ffland  where  paralvtic  secretion  takes  place,  the  gland  is  much  diminished  in  size  the  cells 
are  shrivelled  (fig.  "222,  4)  and  greatly  changed.  According  to  Ogata,  some  cells  actually  dis- 
appear during  secretion  {Langley). 

The  axially-placed  excretory  duct  consists  of  an  inner  thick  and  an  outer  loose 
wall  of  connective  and  elastic  tissues,  lined  by  a  single  layer  of  columnar  epitheliuuL 
Small  mucous  glands  lie  in  the  largest  trunks.  ^^on-meduUated  nerves  with 
ganglia  in  their  course,  pass  to  the  acini,  but  their  mode  of  termination  is  unknown 
[The  nerves  come  from  the  semilunar  ganghon  along  the  splenic,  gastro-duodenal 


Fig.  222. 

Changes  of  the  pancreatic  cells  in  various  stages  of  activity. 
I  1,  During  hunger  ;  2,  in  the  first  stage  of  digestion  ;  3,  m  the 

second  stage  ;  4,  during  paralytic  secretion, 
greater  the  activity  the  fewer  the  granules  in  the  inner  zone, 
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and  superior  mesenteric  arteries.]  The  blood-vessels  form  a  rich  capillary  plexus 
round  some  acini,  while  round  others  there  are  very  few.  It  receives  blood  from 
several  arteries  (splenic,  pancreatico-duodenal,  and  superior  mesenteric),  and  its 
blood  is  returned  to  the  portal  system  by  the  splenic  and  superior  mesenteric  veins.] 
Kühne  and  Lea  found  peculiar  small  cells  in  groups  between  the  alveoli,  and 
supplied  with  convoluted  capillaries  like  glomeruli.  Their  significance  is  entirely 
unknown.  [They  are  probably  lymphatic  in  their 
nature.]  The  lymphatics  resemble  those  of  the 
salivary  glands.  [They  begin  as  peri-vascular  and 
peri-acinar  spaces,  and  open  into  two  lymphatic 
glands  lying  on  the  superior  mesenteric  artery. 
When  a  coloured  injection  is  forced  into  the  ducts 
under  a  high  pressure,  fine  intercellular  passages 
between  the  secreting  cells  are  formed  (Saviotti's 
canals),  but  they  are  artificial  products.] 

[Number  of  Ducts. — In  making  experiments  upon  tlie 
pancreatic  secretion,  it  is  important  to  remember  that  the 
mimber  of  pancreatic  ducts  varies  in  different  animals.  In 
man  there  is  one  duct  opening  along  with  the  common  bile- 
duct  at  Vater's  ampulla,  at  the  junction  of  the  middle  and 
lowest  third  of  the  duodenum.  The  rabbit  lias  two  ducts, 
the  larger  opening  separately  about  14  inches  (30  to  35 
cm.)  below  the  entrance  of  the  bile-duct  (fig.  223).  The 
dog  and  cat  have  each  two  di;cts  opening  separately.] 

Chemistry. — The  fresh  pancreas  contains  :  water,  pro- 
teids,  ferments,  fats,  and  salts.  In  a  gland  which  has 
been  exposed  for  some  time,  much  leucin,  isoleucin, 
butalin,  tyrosin,  often  xanthin  and  guanin,  are  found  ; 
lactic  and  fatty  acids  seem  to  be  formed  from  chemical 
decompositions  taking  place. 

169.  THE  PANCREATIC  JUICE.— Method. 

cannula  in  the  pancreatic  duct  of  a  dog,  and  collected  the  juice  in  a  small  bag. 
Other  experimenters  made  a  temporary  fistula.  To  make  a  permanent  fistula, 
the  abdomen  is  opened  (dog),  the  pancreatic  duct  pulled  forward,  and  stitched  to 
the  abdominal  wall,  with  which  it  unites.  Heidenhain  cuts  out  the  part  of  the 
duodenum  where  the  duct  opens  into  it,  from  its  continuity  with  the  intestine,  and 
fixes  it  outside  the  abdominal  wound. 

The  secretion  obtained  from  a  permanent  fistula  is  a  copious,  slightly  active, 
watery  secretion,  containing  much  sodium  carbonate.  The  thick  fluid  obtained  from 
the  fistula  before  inflammation  sets  in,  or  that  from  a  temporary  fistula,  acts  far 
more  energetically.  This  thick  secretion,  which  is  small  in  amount,  is  the  normal 
secretion.  The  copious  watery  secretion  is,  perhaps,  caused  by  the  increased 
transudation  from  the  dilated  blood-vessels  (possibly  in  consequence  of  the  paralysis 
of  the  vaso-motor  nerves).  It  is,  therefore,  in  a  certain  sense,  a  "paralytic  secre- 
tion" (§  145).  The  quantity  varies  much,  according  as  the  fluid  is  thick  or  thin. 
During  digestion,  a  large  dog  secretes  1  to  1'5  gram,  of  a  thick  secretion  {01. 
Bernard).  Bidder  and^S^midt  obtained  in  twenty-four  hours  35  to  117  grams  of 
a  watery  secretion  per  kilo,  of  a  dog.  When  the  gland  is  not  secreting,  and  is  at 
rest,  it  is  soft,  and  of  a  pale  yellowish-red  colour,  but  during  secretion  it  is  red 
and  turgid  with  blood,  owing  to  the  dilatation  of  the  blood-vessels.  [It  is  to  be 
remembered  that  most  of  the  experiments  have  been  made  in  the  pancreatic  juice 
of  the  dog.] 

Physical  and  Chemical  Characters  of  the  Secretion. — The  normal  secretion 

is  thick,  transparent,  colourless,  odourless,  saltish  to  the  taste,  and  has  a  strong 
alkaline  reaction,  owing  to  the  presence  of  sodium  carbonate,  so  that  when  an  acid 
is  added,  COg  is  given  off.    It  contains  several  groups  of  substances — (1)  serum- 


Pancreas  of  the  rabbit  P;  pd,  pan- 
creatic duct ;  cl,d,  duodenum  ; 
Py,  pylorus  ;  S,  stomach  ;  GB, 
gall-bladder  ;  BD,  bile-duct. 

-Regner  de  Graaf  (1664)  tied  a 
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albumin  and  alkali-albuminate  ;  it  is  sticky,  sonieAvliat  viscid,  flows  with  difficulty, 
and  is  coagulated  by  heat  into  a  white  mass.  In  the  cold,  there  separates  a  jelly- 
like albuminous  coaguluni.  Nitric,  hydrochloric,  and  sulphuric  acids,  cause  a 
precipitate  ;  while  the  precipitate  caused  by  alcohol  is  redissolved  by  water.  (2) 
Several  ferments  (p.  304)  ;  (3)  Nitrogenous  bodies,  e.g.,  leucin,  guanin,  etc.,  in  small 
amount ;  (4)  Traces  of  soaps  ;  (ö)  Salts,  less  than  1  per  cent.  CI.  Bernard  found 
in  the  normal  pancreatic  juice  of  a  dog  8-2  per  cent,  of  organic  substances,  and  0*8 
per  cent,  of  ash.  The  juice  (dog)  analysed  by  Carl  Schmidt  contained  in  1000 
parts  : — 

Collected  on  first  opening  Permanent  Fistula, 

the  duct. 

Water,   900-8  979-0 

Solids,   99-2  20-0 

r  Organic  Matter,  90-4  12-4 

Inm-ganic    „  8-8   ^^6 

The  ash  from  1000  parts  of  juice  yielded— 

Soda,   0-58  3-32 

Sodic  chloride,   7 '35  2-50 

Potassic  chloride   0*02  0-93 

Phosphates  of  alkaline  earths  and  iron,  0-53  0*08 

Sodic  phosphate,    0  '01 

Lime  and  magnesia,   ....  0'32  O'Ol 

The  more  rapid  and  more  profuse  the  secretion,  the  poorer  it  is  in  organic  substances,  while 
the  inorganic  remain  almost  the  same  ;  nevertheless,  the  total  quantity  of  solids  is  greater  than 
Avhen  tlie  quantity  secreted  is  small  {Bernstein).  Traces  of  leucin  and  soaps  are  present  m  the 
fresh  juice.  [It  usually  contains  few  or  no  structural  elements.  Any  structural  elements 
present  in  the  fresh  juice,  as  well  as  its  proteids,  are  digested  by  the  peptone-forming  ferment 
of  the  juice,  especially  if  the  latter  be  kept  for  some  time.  If  the  fresh  juice  is  allowed  to  stand 
for  some  time,  and  then  mixed  with  chlorine  water,  a  red  colour  is  obtained.] 

Concretions  are  rarely  formed  in  the  pancreatic  ducts  ;  they  usually  consist  of  calcic  carbonate. 
Dextrose  has  been  found  in  the  juice  in  diabetes,  and  urea  in  jaundice.  Schiffes  statement  that 
the  pancreas  secretes  only  after  the  absorption  of  dextrin  has  not  been  confirmed.  The  secretory 
activity  of  the  pancreas  is  not  dependent  on  the  presence  of  the  spleen. 

[Comparative. — The  pancreatic  juice  of  the  dog  contains  about  10  per  cent,  of 
solids ;  of  these  9  is  organic,  1  mineral.  In  other  animals,  however,  the  percentage 
of  solids  is  much  less;  in  the  sheep  2-15,  and  rabbit  1-76.  Herter  found  over  20 
per  cent,  of  solids  in  the  fluid  accumulated  in  a  human  dilated  pancreatic  duct. 
In  many  fishes  the  pancreatic  juice  is  acid,  and  does  not  contain  any  diastatic 
ferment.  In  molluscs  and  arthropoda  there  is  a  ferment  analogous  to  trypsin. 
The  secretion  is  intermittent  in  Carnivora  and  continuous  in  herbivora.] 

170.  ACTIONS  OF  THE  PANCREATIC  JUICE.— The  presence  of  four 
enzymes,  or  hydrolytic  ferments,  makes  the  pancreatic  juice  one  of  the  most 
important  digestive  fluids  in  the  body. 

I.  Its  diastatic  action  is  due  to  the  diastatic  ferment  amylopsin,  a  substance 
which  seems  to  be  identical  with  the  saliva  ferment;  but  it  acts  much  more 
energetically  than  the  ptyalin  of  saliva  on  raiv  starch  as  well  as  upon  boiled 
starch;  at  the  temperature  of  the  body  the  change  is  eff'ected  almost  at  once, 
while  it  takes  place  more  slowly  at  a  low  temperature,  maltose  being  formed. 
Glycogen  is  changed  into  dextrin  and  grape  sugar;  and  achroodextrin  into  sugar. 
Even  cellulose  is  said  to  be  dissolved,  and  gum  changed  into  sugar  by  it,  but  inulin 
remains  unchanged. 

[If  digestion  of  starch  by  pancreatic  juice  or  saliva  be  carried  on  under  conditions 
approximating  as  nearly  as  possible  to  those  existing  in  the  intestine,  nearly  the 
whole  of  the  starch  may  be  converted  into  maltose,  there  being  but  little  dextrin 
left  at  the  end  of  a  prolonged  digestion.    The  presence  of  the  maltose  seems  to  prevent 
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the  further  conversion  of  the  small  remainder  of  dextrin  into  sugar  {Sheridan 
Lea).  Sugar  seems  to  be  the  final  form  in  which  the  products  of  digestion 
of  carbohydrates  leave  the  intestine  and  j^ass  into  the  blood.] 

According  to  v.  tiering  and  Musculus,  the  starch  (as  in  the  case  of  the  saliva,  §  148)  is 
changed  into  maltose,  and  a  reducing-dextriii  ;  so  also  is  glycogen.  Amylopsin  changes 
achroodextrin  into  maltose ;  at  40°  C.  maltose  is'slowly  changed  into  dextrose,  but  cane-sugar 
IS  not  changed  into  invert-sugar.  The  ferment  is  precipitated  by  alcohol,  while  it  is  extracted  l)y 
glycerin  without  undergoing  any  essential  change.  All  conditions  which  destroy  the  diastatic 
action  of  sahva  (§  148)  similarly  affect  its  action,  but  the  admixture  with  acid  gastric  juice  (its 
acid  being  neutralised)  or  bile  does  not  seem  to  have  any  injurious  influence.  This  ferment  is 
absent  from  the  pancreas  of  new-born  children  {Koroivin). 

Preparation  of  the  ferment.— It  is  isolated  by  the  same  methods  as  obtain  for  ptyalin  (§  148), 
but  the  tryptic  ferment  is  precipitated  at  the  same  time.  The  addition  of  neutral  salts  (4  per  cent, 
solution),  e.g.,  potassium  nitrate,  common  salt,  ammonium  chloride,  increases  the  diastatic 
action. 

II.  Its  tryptic  or  proteolytic  action,  or  its  action  on  proteids,  depends  upon 
the  presence  of  a  hydrolytic  ferment  which  is  now  termed  trypsin  {Kühne). 
Trypsin  acts  upon  proteids  at  the  temperature  of  the  body,  when  the  reaction  is 
alkaline,  and  changes  them  first  into  a  globulin-like  substance,  then  into  pro- 
peptone  or  albumose,  and  lastly  into  a  true  peptone,  sometimes  called  tryptone. 
The  album  OSes  are  not  so  abundant  or  so  easily  separated  as  in  gastric  digestion  (see 
also  p.  295) ;  [as  in  gastric  digestion  the  peptones  formed  are  hemi-peptone  and  anti- 
peptone,  but  the  former  alone  undergoes  further  change  when  it  is  acted  on  by 
the  pancreatic  juice].  The  proteids  do  not  swell  up  before  they  are  changed  into 
peptone,  [but  they  are  eroded  or  eaten  away  by  the  action  of  the  juice].  When 
the  proteid  has  been  previously  swollen  up  by  the  action  of  an  acid,  or  when  the 
reaction  of  the  medium  is  acid,  the  transformation  is  interfered  with,  althouo-h  the 
changes  go  on  slowly  in  a  neutral  medium.  ^ 

_  Substances  yielding  gelatin,  nuclein  (?),  and  Hb,  resist  trypsin ;  glutin  and  swollen-up  gelatin- 
yielding  substances  are  changed  into  gelatin-peptone,  but  the  latter  undergoes  no  further 
cnange.  Hb-U^  is  split  up  into  albumin  and  hfeniocliromogen.  In  other  respects,  trypsin  acts 
on  tissues  containing  albumins  just  like  pepsin  (§  166,  III.). 

Trypsin  is  never  absent  from  the  pancreas  of  new-born  children  {Zweifel),  and  it  may  be 
extracted  by  water,  which,  however,  also  dissolves  the  albumin.  Kühne  has  carefully  separated 
the  albumin  and  obtained  the  ferment  in  a  pure  state.  It  is  soluble  in  water,  insoluble  in 
alcohol. _  Pepsin  and  hydrochloric  acid  together  act  upon  trypsin  and  destroy  it  :  hence  it  is 
wi  ^^^^^.^^^6  to  administer  trypsin  by  the  mouth,  as  it  would  be  destroyed  in  the  stomach. 
When  dried  it  may  be  heated  to  160°  without  injury. 

Trypsin  is  formed  within  the  pancreas  by  a  "mother-substance,"  or  zymogen, 

taking  up  oxygen.  The  zymogen  is  found  in  small  amount,  6  to  10  hours  after 
a  meal,  m  the  inner  zone  of  the  secretory  cells,  but  after  16  hours  it  is  very  abun- 
dant ni  the  inner  zone  of  the  cells.  It  is  soluble  in  water  and  glycerin.  Trypsin 
IS  formed  m  the  watery  solution  from  the  zymogen,  and  the  same  result  occurs 
when  the  pancreas  is  chopped  up  and-  treated  with  strong  alcohol  {Kühne).  The 
addition  of  sodium  chloride,  carbonate,  and  glycocholate,  favours  the  activity  of 
the  tryptic  ferment  {Heidenhain).  [The  following  facts  show  that  zymogen 
terment),  or,  as  it  has  been  called,  trypsinogen,  is  the  precursor  of  trypsin,  that  it 
exists  m  the  gland-cell»,  and  requires  to  be  acted  upon  before  trypsin  is  formed 
If  a  glycerin  extract  be  made  of  a  pancreas  taken  from  an  animal  just  killed,  and 
It  another^  extract  be  made  from  a  similar  pancreas  which  has  been  kept  for 
hours.  It  will  be  found  that  an  alkaline  solution  of  the  former  has  practically 
no  efiect  on  fibrin,  while  the  latter  is  powerfully  proteolytic.  If  a  fresh,  and  still 
warm,  pancreas  be  rubbed  up  with  an  equal  volume  of  a  1  per  cent,  solution  of 
acetic  acid,  and  then  extracted  with  glycerin,  a  powerfully  proteolytic  extract  is 
at  once  obtained.  Trypsin  is  formed  from  zymogen  by  the  action  of  acetic  acid. 
Ihere  is  reason  to  beheve  that  trypsin  is  formed  from  zymogen  by  oxidation,  and 
that  the  former  loses  its  proteolytic  power  after  removal  of  its  oxygen.  The 
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amount  of  zymogen  present  in  the  gland-cells  seems  to  depend  upon  the  number 
and  size  of  the  granules  present  in  the  inner  granular  zone  of  the  secretory  cells.] 

Further  Effects  on  Proteids.— When  trypsin  is  allowed  to  act  upon  the 
hemi-peptone  formed  by  its  own  action,  the  latter  is  partly  changed  into  the 
amido-acid,  leucin,  or  amido-caproic  acid  (C6H^3K02),  and  tyrosin  (CgH^iNOg). 
Tyrosin  belongs  to  the  aromatic  series  (§  252,  lY.  3).  Hypoxanthni,  xanthni, 
and  aspartic  or  amido-succinic  acid  (C,H9K04)  are  also  formed  durmg  the  digestion 
of  fibrin  and  gluten,  and  so  are  glutamic  (C^^HgNO^)  and  amido-valerianic  acid 
Gelatin  is  first  changed  into  a  gelatin-peptone,  and  afterwards  is 
decomposed  into  glydn  and  ammonia. 

Putrefactive  Phenomena. — If  the  action  of  the  pancreatic  juice  be  still  further 
prolonged,  especially  if  the  reaction  be  alkaline,  a  body  with  a  strong,  stinking, 
disagreeable  fgecal  odour  is  formed  together  with  indol  (CgH^N),  skatOl  (C9H9N), 
and  phenol  (CßHßO),  and  a  substance— protein-chromogen— which  becomes  red 
on  the  addition  of  chlorine-water  {Bernard),  [or  it  gives  with  bromine-water  first 
a  pale  red  and  then  a"violet  tint  (Kühne)],  volatile  fatty  acids  are  formed,  while, 
at  the  same  time,  H,  CO^,  B.ß,  CH^,  and  X  are  given  off.  The  formation  of  mdol 
and  the  other  substances  just  mentioned  depends  upon  putrefaction  (§  184,  III.). 
Their  formation  is  prevented  by  the  addition  of  salicylic  acid,  or  thymol,  which 
kills  the  organisms  upon  which  putrefaction  depends  (Kühne). 

[Peptones  are  formed  from  proteids  by  tlie  action  of  the  pancreatic  ferment  without  the  aid  of 
micro-organisms  (if  the  digestive  fluid  contains  1  per  cent,  carbolic  acid  it  is  quite  anti-septic). 
The  production  of  indol  is  always  associated  with  the  appearance  of  micro-oi^anisms  m  the 
mediimi,  and  Harris  and  Tooth  incline  to  the  view  that  there  are  special  mdol-formmg 
organisms,  in  the  absence  of  which  this  body  does  not  appear.] 

[Artificial  Digestion  and  Pancreatic  v.  Gastric  Digestion.— From  fibrin  placed 
in  pancreatic  juice,  or  in  a  1  per  cent,  solution  of  sodium  carbonate  containing  the 
ferment  trypsin,  peptones  are  rapidly  formed  at  40°  C.  When  we  compare 
gastric  with  pancreatic  digestion,  we  find  that  the  fibrin  m  pancreatic  digestion 
is  eroded,  or  eaten  away,  and  never  swells  up.  The  process  takes  place  m  an 
alkaline  medium,  and  never  in  an  acid  one.  In  fact,  a  1  per  cent,  solution  of 
sodic  carbonate  seems  to  play  the  same  part  in  assisting  trypsin  that  a  '2  per  cent, 
solution  of  HCl  does  for  pepsin,  in  gastric  digestion.  In  gastric  digestion  acid- 
albumin  or  syntonin  is  formed  in  addition  to  the  true  peptones.  In  pancreatic 
dic^estion  a  body  resembling  alkali-albumin,  Avhich  passes  into  a  globulin-hke  body, 
and  ultimately  into  a  peptone,  is  formed.  Of  the  peptones  so  produced,  one  is 
called  anti-peptone,  and  it  is  not  further  changed,  but  part  of  the  proteid  is 
changed  into  hemi-peptone.  This  body,  when  acted  upon,  yields  leucm  and 
tyrosin.  When  putrefaction  takes  place,  the  bodies  above-mentioned  are  also 
formed.  We  might  represent  the  action  of  trypsin  thus  :— Proteid  +  trypsin -h  1 
percent,  sodium  carbonate,  kept  at  38°  C.=  formation  of  a  globulin-like  body, 
and  then  anti-peptone  and  hemi-peptone  are  formed. 


Anti-peptone 

yields 

Hemi-peptone 

yields 

Normal  Digestive  Products. 

Putrefactive  Products. 

undergoes  no 
further  change. 

Leucin, 
Tyrosin, 
Hypoxanthin, 
Aspartic  Acid. 

Indol, 

Skatol, 

Phenol. 

Volatile  Fatty  Acids, 
H,  CO.3,  H,S, 
CH4,  N. 

It  seems  that  trypsin  in  pure  water  can  act  slowly  upon  fibrin  to  produce 
peptone.    Pepsin  cannot  do  this  without  the  aid  of  an  acid.]  ■ 
[In  artificial  tryptic  digestion  of  fibrin  Kühne  obtained  9*1  per  cent,  of  leucin 
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and  3 '86  of  tyrosin.  S.  Lea  more  recently  obtained  8-10  per  cent,  of  the  former, 
and  2-3  per  cent,  of  the  latter — i.e.  in  the  ratio  of  3:1.  Lea  confirms  Kiihne's 
view,  and  has  further  shown  from  the  examination  of  the  contents  of  the 
duodenum  in  a  dog  after  digestion  of  a  meal  of  flesh,  that  both  leucin  and  tyrosin 
are  formed  in  the  intestine  in  not  inconsiderable  quantities  during  natural  tryptic 
digestion.] 

[The  following  scheme  by  Kühne  indicates  the  action  of  ferments  (and  certain 
acids)  on  proteids.    The  latter  are  split  up  into  an  anti-group  and  a  hemi-group. 


O 

O  CÖ 


Action  of  Enzymes  (ferments). 
Albumin. 

 \  

I  I 
Anti-albumose.  Hemi-albumose. 

I  I 


III  I 
Anti -peptone.    Anti-peptone.  Hemi-peptone.  Hemi-peptone. 


CD  'Ti 


I.         !  II 

Leucin,  Tyrosin,  &c.     Leucin,  Tyrosin,  &c. 


The  anti-group  is  not  further  split  up  but  the  hemi-group  although  not  split 
up  by  gastric  digestion,  is  split  up  by  tryptic  digestion  into  leucin,  tyrosin,  and 
other  products.] 

[Kiihne's  Pancreas  Powder.  —This  is  prepared  by  the  prolonged  extraction  of  fresh  pancreas 
of  ox  with  alcohol  and  then  with  ether.  If  the  dry  powder  be  extracted  for  several  hours  with 
a  l  per  cent,  solution  of  salicylic  acid,  and  filtered,  a  fluid  with  powerful  proteolytic,  but  no 
diastatic,  properties  is  obtained.  Several  hours  afterwards  much  tyrosin  may  separate  out, 
which,  of  course,  must  be  removed  by  filtration.  The  clear  fluid,  when  mixed  with  fibrin  and 
a  1  per  cent,  solution  of  sodie  carbonate,  rapidly  digests  fibrin.  If  it  be  desired  to  obtain  a 
true  pancreatic  digestion,  with  none  of  the  products  of  putrefaction,  the  mixture  must  be 
strongly  "  thymolised  "  with  a  25  per  cent,  alcoholic  solution  of  thymol  (Kühne).] 

[Setschenow  finds  that  egg-albumin,  boiled  in  a  vacuum  at  35°-40°  C,  is  more  rapidly 
digested  than  fibrin  by  a  specially  prepared  trypsin.]  When  proteids  are  boiled  for  a  long  time 
with  dilute  H^SOj,  we  obtain  peptone,  then  leucin  and  tyrosin ;  gelatin  yields  glycin. 
Hypoxanthin  and  xanthin  are  obtained  in  the  same  way  by  similarly  boiling  fibrin,  and  the 
former  may  even  be  obtained  by  boiling  fibrin  with  water  {Chittenden). 

It  is  very  remarkable  that  the  juice  of  the  green  fruit  of  the  papaya  tree,  or  Carica  papaya, 
possesses  digestive  properties  {Roy,  Wittmack),  and  that  the  action  is  due  to  ä  peptonising  ferment' 
closely  related  to  trypsin,  and  called  caricin  or  papain.  [It  forms  a  true  peptone,  an  inter- 
mediate body,  and  leucin  and  tyrosin.  It  also  contains  a  milk-coagulating  ferment  [Alartin).'] 
The  milky  juice  of  the  fig-tree  has  a  similar  action.  Sprouting  malt,  vetch,  hop,  hemp  during 
sprouting,  and  the  receptacle  of  the  artichoke  contain  a  peptonising  ferment.  Leucin,  tyrosin, 
glutamic  and  aspartic  acids,  and  xanthin  are  formed  in  the  seeds  of  some  plants  ;  hence  we 
may  assume  that  the  processes  of  decomposition  in  some  seeds  are  closely  allied  to  the  fermenta- 
tive actions  that  occur  in  the  intestine, 

in.  Its  action  on  neutral  fats  is  twofold:— (1)  It  acts  upon  fats  so  as  to 
form  a  fine  permanent  emulsion.  (2)  It  causes  neutral  fats  to  take  up  a 
molecule  of  water  and  split  into  glycerin  and  their  corresponding  fatty  acids  :  

(C57TTno06)  +  3(H,0)  =  +  3(C,,-R,,0,). 

Tristearin.    Water.     Glycerin.    Stearic  Acid. 

The  latter  result  is  due  to  the  action  of  an  easily-decomposable  fat-splitting 
ferment  (CI.  Bernard),  also  called  steapsin.  Lecithin  is  decomposed  by  it  into 
glycerin-phosphoric  acid,  neurin,  and  fatty  acids.  The  fatty  acids  thus  liberated 
are  partly  saponified  by  the  alkali  of  the  pancreatic  and  intestinal  juices,  and 
partly  emulsionised  by  the  alkaline  intestinal  juice.  Both  the  soaps  and  emulsions 
are  capable  of  being  absorbed  (§  191). 

Emulsification.— The  most  important  change  effected  on  fats  in  the  small  intestine  is  the 
production  of  an  emulsion,  or  their  subdivision  into  exceedingly  minute  particles  (§  191).  This 
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is  necessary  in  order  that  the  fats  may  be  taken  up  by  the  lacteals.  If  the  fat  to  be  emulsified 
contain  a  free  fatty  acid,  i.e.,  if  it  be  slightly  rancid,  and  if  tlie  fluid  with  which  it  is  mixed 
be  alkaline,  emulsification  takes  place  extremely  rapidly  {Brücke).  A  drop  of  cpd-liver  oil, 
which  in  its  unpurified  condition  always  contains  fatty  acids,  on  being  placed  in  a  drop  of  O'S 
13er  cent,  solution  of  soda,  instantly  gives  rise  to  an  emulsion  {Gad).  The  excessively  minute 
oil-globules  that  compose  the  emulsion  are  first  covered  with  a  layer  of  soap,  which  soon 
dissolves,  and  in  the  process  small  globules  are  detached  from  the  original  oil-globules.  The 
fresh  surface  is  again  covered  by  a  soap  film,  and  the  process  is  repeated  over  and  over  again 
until  an  excessively  fine  emulsion  is  obtained.  If  the  fat  contain  much  fatty  acid,  and  the 
solution  of  soda  be  more  concentrated,  "  myelin  forms  "  ave.  obtained  similar  to  those  wl"-'' 
are  formed  when  fresh  nerve-fibres  are  teased  in  water.  Animal  oils  emulsionise  more  reaa.ijr 
than  vegetable  oils  ;  castor  oil  does  not  emulsionise  {Gad).  [It  is  extremely  diffidilt  to  obtain 
a  perfectly  neutral  oil,  as  most  oils  contain  a  trace  of  a  fatty  acid.  In  fact,  if  on  adding  a 
weak  solution  of  sodic  carbonate  to  oil  or  fatty  matters,  fluid  at  the  temperature  of  the  body, 
an  emulsion  is  obtained,  one  may  be  sure  that  the  oil  contained  a  fatty  acid,  so  that  Bernard's 
view  about  an  "  emulsive  ferment  "l)eing  necessary  is  not  endorsed.  The  fatty  acid  set  free  by 
the  fat-splitting  ferment  enables  the  alkaline  pancreatic  juice  at  once  to  produce  an  emulsion.] 

Fafr-Splitting  Ferment.— This  is  a  very  unstable  body,  and  must  be  prepared  from  the 
perfectly  fresh  gland  by  rubbing  it  up  with  powdered  glass,  glycerin,  and  a  1  per  cent,  solution 
of  sodic  carbonate,  and  allowing  it  to  stand  for  a  day  or  two  {Grützner).  [This  ferment  is  said 
to  cause  an  emulsion  of  oil  and  mucilage  tinged  blue  with  litmus  at  40°  C.  to  become  red 
{Gamgee).  In  performing  this  experiment  notice  that  the  mucilage  is  perfectly  neutral,  as 
gum-arabic  is  frequently  acid.] 

[Pancreatit5  Extracts.— The  action  of  the  pancreas  may  be  tested  by  making  a  watery  extract 
of  a  perfectly  fresh  gland.  Such  an  extract  always  acts  upon  starch  and  generally  upon  fats, 
but  this  extract  and  also  the  glycerin  extract  vary  in  their  action  upon  proteids  at  different 
times.  If  the  extract— watery  or  glycerin— be  made  from  the  pancreas  of  a  fasting  animal,  the 
tryptic  action  is  slight  or  absent,  but  is  active  if  it  be  prepared  from  a  gland  4  to  10  hours  after 
a  nieal.  The  pancreatic  preparations  of  Benger  of  Manchester,  Savory  and  Moore,  or  Burroughs 
and  Wellcome,  all  possess  active  diastatic  and  proteolytic  properties.] 

[Pancreas  Ferments.— Finely  divided  calf's  pancreas  is  extracted  with  less  than  twice  its 
volume  of  water  and  kept  for  five  hours  at  38°  C.  The  fluid  is  decanted,  shaken  with  ether,  and 
precipitated  with  alcohol.  The  precipitate  is  spread  on  filter  paper  and  dried  at  40°  C.  A  small 
piece  of  this  paper  extracted  with  3-4  cc.  of  water  yields  a  fluid  with  diastatic,  tryptic,  and  it  is 
said,  fat-splitting  activities  (>S'e<sc7ic?io?t;).]  ,  . 

[Pancreas  Salt.  — Prosser  James  proposes  to  employ  common  salt  mixed  with  pepsin,  Avhich 
he  calls  peptic  salt  ;  and  he  advocates  the  use  of  another  preparation  composed  of  the  pancreatic 
ferments  and  common  salt,  pancreatic  salt] 

The  pancreas  of  new-born  children  contains  trypsin  and  the  fat-decomposing 
ferment,  but  not  the  diastatic  one  (Zweifel).  A  slight  diastatic  action  is  obtained 
after  two  months,  but  the  full  effect  is  not  obtained  until  after  the  first  year 
(Koroiüin). 

lY.  The  pancreas  contains  a  milk-curdling  ferment,  which  may  be  extracted  by 
means  of  a  concentrated  solution  of  common  salt. 

171.  THE  SECRETION  OF  THE  PANCREATIC  JUICE.— Rest  and 
Activity. — As  in  other  glands,  we  distinguish  a  quiescent  state,  during  which  the 
gland  is  soft  and  pale,  and  a  state  of  secretory  activity,  during  which  the  organ 
swells  up  and  appears  pale  red.  The  latter  condition  only,  occurs  after  a  meal, 
and  is  caused  probably  reflexly  owing  to  stimulation  of  the  nerves  of  the  stomach 
and  duodenum.  Kühne  and  Lea  found  that  all  the  lobules  of  the  gland  were  not 
active  at  the  same  time.  The  pancreas  of  the  herbivora  secretes  uninterruptedly, 
[but  in  the  dog  secretion  is  not  constant]. 

Time  of  Secretion. — According  to  Bernstein  and  Heidenhain  the  secretion 
begins  to  flow  when  food  is  introduced  into  the  stomach,  and  reaches  its  maximum 
2  to  3  hours  thereafter.  The  amount  falls  towards  the  5th  or  7th  hour,  and  rises 
again  (owing  to  the  entrance  of  the  chyme  into  the  duodenum)  towards  the  9th 
and  11th  hour,  gradually  falling  towards  the  17th  to  24th  hour  until  it  ceases  com- 
pletely. When  more  food  is  taken,  the  same  process  is  repeated.  As  a  general 
rule,  a  rapidly-formed  secretion  contains  less  solids  than  one  formed  slowly. 

Condition  of  Blood-Vessels. — During  secretion,  the  blood-vessels  behave  like 
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the  blood-vessels  of  the  salivary  glands  after  stimulation  of  the  chorda — they  dilate, 
and  the  venous  blood  is  bright  red — thus,  it  is  probable  that  a  similar  nervous 
mechanism  exists,  [but  as  yet  no  such  mechanism  has  been  discovered].  The 
secretion  is  excreted  at  a  pressure  of  more  than  17  mm.  Hg.  (rabbit). 

Effect  of  Nerves. — The  nerves  arise  from  the  hepatic,  splenic,  and  superior 
mesenteric  plexuses,  together  with  branches  from  the  vagus  and  sympathetic. 
The  secretion  is  excited  by  stimulation  of  the  medulla  oblongata,  as  well  as  by 
*'§ct  stimulation  of  the  gland  itself  by  induction-shocks.  [It  is  not  arrested  by 
semion  of  the  cervical  spinal  cord.]  The  secretion  is  suppressed  by  atropin  [in 
the  dog,  but  not  the  rabbit],  by  producing  vomiting,  by  stimulation  of  the  central 
end  of  the  vagus,  as  well  as  by  stimulation  of  other  sensory  nerves,  e.g.,  the  crural 
and  sciatic.  Extirpation  of  the  nerves  accompanying  the  blood-vessels  prevents 
the  above-named   stimuli   from   acting.    Under  >  these   circumstances,  a  thin_ 

paralytic  secretion,"  with  feeble  digestive  powers,  is  formed,  but  its  amoujat  is 
not  influenced  by  the  taking  of  food.  [Secretion  is  excited  by  the  injection  of 
ether  into  the  stomach.] 

Excision  of  the  Pancreas. — The  duct  may  be  ligatured  in  animals,  without  causing  any  very 
great  change  in  their  nutrition  ;  the  absorption  of  fat  from  the  intestine  does  not  cease.  After 
the  duct  is  ligatured  it  may  be  again  restored.  Ligature  of  the  duct  may  cause  the  formation 
of  cysts  in  the  duct  and  atrophy  of  the  gland-substance.  Pigeons  soon  die  after  this  operation. 
[After  excision  of  the  pancreas,  dogs  become  permanently  diabetic  (p.  323).  There  may  be  as 
much  as  5-10  per  cent  of  sugar  in  the  urine  during  fasting.  In  the  later  stages  before  death 
acetonuria  occurs  {Minkoicski  and  v!  Mering).'] 

[172.  PREPAEATION  OF  PEPTONISED  FOOD.— Peptonised  food  may  be 
given  to  patients  whose  digestion  is  feeble  (Boberts).  Food  may  be  peptonised 
either  by  peptic  or  tryptic  digestion,  but  the  former  is  not  so  suitable  as  the  latter, 
because  in  peptic  digestion  the  grateful  odour  and  taste  of  the  food  are  destroyed, 
while  bitter  bye-products  are  formed,  so  that  pancreatic  digestion  yields  a  more 
palatable  and  agreeable  product.  As  trypsin  is  destroyed  by  gastric  digestion, 
obviously  it  is  useless  to  give  extract  of  the  pancreas  to  a  patient  along  with  his 
food.] 

[Peptonised  Milk. — "  A  pint  of  milk  is  diluted  with  a  quai'ter  of  a  pint  of  water  and  heated 
to  60"  C.  Two  or  three  tea-spoonfuls  of  Benger's  liquor  pancreaticus,  together  with  10  or  20 
grains  of  bicarbonate  of  soda,  are  then  mixed  therewith."  Keep  the  mixture  at  38°  C.  for  about 
two  hours,  and  then  boil  it  for  two  or  three  minutes,  which  arrests  the  ferment  action.] 

[Peptonised  Gruel,  prepared  from  oatmeal,  or  any  farinaceous  food,  is  more  agreeable  than 
peptonised  milk,  as  the  bitter  flavour  does  not  appear  to  be  developed  in  the  pancreatic  diges- 
tion oi  vegetable  proteids.] 

[Peptonised  Milk-Gruel  yielded  Roberts  the  most  satisfactory  results,  as  a  complete  and 
highly  nutritious  food  for  weak  digestions.  Make  a  thick  gruel  from  any  farinaceous  food,  e.g., 
oatmeal,  and  while  still  hot  add  to  it  an  equal  volume  of  cold  milk,  when  the  mixture  will  have 
a  temperature  of  52°  C.  (125°  F.).  To  each  pint  of  this  mixture  add  two  or  three  tea-spoonfuls 
of  liquor  pancreaticus  and  20  grains  of  bicarbonate  of  soda.  It  is  kept  warm  for  two  hours 
imder  a  "  cosey."  It  is  then  boiled  for  a  few  minutes  and  strained.  The  bitterness  of  the 
digested  milk  is  almost  completely  covered  by  the  sugar  produced  during  the  process.] 

[Peptonised  soups  and  beef-tea  have  also  been  made  and  used  with  success,  and  have  been 
administered  both  by  the  mouth  and  rectum.] 

[Peptonising  powders  containing  the  proper  proportions  of  ferment  and  sodic  bicarbonate  are 
prepared  by  Benger,  and  Burroughs  and  Wellcome.] 

[173.  Structure  of  the  Liver.— The  liver  is  the  heaviest  organ  in  the  body, 
weighing  in  the  adult,  when  devoid  of  blood,  about  1850  grams.  It  forms  of 
the  weight  of  the  male  body,  and  is  about  28  cm.  in  length,  18  cm.  in  breadth  at 
its  thickest  part.  The  bile  is  carried  out  of  the  liver  by  the  two  hepatic  ducts, 
which  emerge  from  the  right  and  left  hepatic  substance  at  the  transverse  fissure. 
They  unite  and  are  joined  by  the  cystic  duct,  which  is  a  continuation  of  the 
tapering  extremity  of  the  gall-bladder.  By  the  union  of  the  hepatic  duct  with 
the  cystic  duct  the  common  bile  duct  (75  mm.  long)  is  formed.    It  pierces  the 
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coats  of  the  duodeniun  very  obliquely,  and  opens,  along  with  the  pancreatic  duct, 
into  the  duodeninn.    The' gall-bladder  is  a  pear-shaped  sac,  capable  of  containing 


Fig.  224. 

Portal  vein  and  its  branches  of  origin.  A,  liver  ;  B,  gall-bladder  ;  C,  spleen  ;  D,  stomacli  ;  E, 
part  of  the  small  intestine  ;  1,  trunk  of  the  portal  vein  ;  2,  superior  and  3,  inferior  mesen- 
teric veins  ;  4,  superior,  5,  5',  middle  and  inferior  hremorrhoidal  veins  ;  6,  right,_  and  7, 
left,  gastro-epiploic  veins  ;  8,  splenic  vein  ;  9,  gastric  coronary  vein  ;  10,  pyloric  vein  ; 
11,  cystic  vein. 

20-25  c.c.  of  bile.  In  some  animals  the  gall-bladder  is  wanting,  as  in  the  donkey, 
elephant,  and  mouse.] 
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Fig.  225. 

Blood-vessels  of  a  rabbit's  liver  injected  ;  portal  vein, 
blue;  hepatic  vein,  red  {Stirling). 


[Blood- Vessels  of  the  Liver.— The  Hver  is  suppHed  Avith  blood  by 
(1)  The  portal  vein.  (2)  The  hepatic  artery. 

The  portal  vein  is  formed  by  the  confluence  of  the  splenic,  inferior,  and  superior 
mesenteric  veins,  whereby  the 
short,  wide  vena  portse  is  formed 
(fig.  224,  1).  It  enters  the  liver 
at  the  transverse  fissure,  accom- 
panied by  the  bile-duct  and 
hepatic  artery,  and  is  distributed 
between  the  liver  lobules.  The 
portal  vein  returns  the  blood  from 
the  stomach,  pancreas,  intestines, 
and  spleen  ;  hence  it  carries  some 
of  the  products  of  digestion 
directly  to  the  liver,  where  some 
of  them  are  materially  changed 
by  the  hepatic  cells  as  they  pass 
slowly  through  the  hepatic  blood- 
vessels. The  hepatic  artery- 
supplies  a  small  quantity  of 
arterial  blood  to  the  liver.  The 
blood,  after  circulating  through 
the  liver,  is  returned  by  the 
hepatic  veins  to  the  inferior  vena  cava.] 

The  liver  consists  of  innumerable  small  lobules  or  acini,  1  to  2  miUimetres 
in  diameter.  These  lobules  are  visible  to  the  naked  eye.  All  the  lobules  have 
the  same  structure. 

1.  The  Capsule. — The  liver  is  covered  by  a  thin,  fibrous,  firmly-adherent 
capsule,  which  has  on  its  free  surface  a  layer  of  endothelium  derived  from 
the  peritoneum.  The  cap- 
sule sends  fine  septa  into 
the  organ  between  the  lob- 
ules, but  it  is  also  continued 
into  the  interior  at  tlie 
transverse  fissure,  where  it 
surrounds  the  portal  vein, 
hepatic  artery,  and  bile-duct, 
and  accompanies  these  struc- 
tures as  the  capsule  of 
Glisson,  or  interlobular  con- 
nective tissue.  The  spaces 
in  Avhich  these  three  struc- 
tures lie  are  known  a^ 
portal  canals.  In  some 
animals  (pig,  camel,  ,polar 
bear)  the  lobules  are  separ- 
ated from  each  other  by  the 
somewhat  lamellated  con- 
nective tissue  of  Glisson  s 
capsule,  but  in  man  this  is 
but  slightly  developed,  so 
that  adjoining  lobules  are 
more  or  less  fused.  A^ery 


Sublol)ular  Vein. 


Intralobular  Vein. 


Fig.  226. 

Section  of  liuman  liver,  x  20,  showing  the  liver-lobules  and 
the  radiate  arrangement  of  their  cells  from  the  central  or 
intralobular  vein. 

delicate  connective  tissue,  but  small  in  amount,  is 
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also  found  within;  the  lobules.  Leucocytes  are  sometimes  found  in  the  tissue  of 
Glisson's  capsule. 

2.  Blood-Vessels— (a)  Branches  of  the  Venous  System.— The  portal  vein,  after 
its  entrance  into  the  liver  at  the  portal  fissure,  gives  off  numerous  branches  lying 
between  the  lobules,  and  ultimately  forming  small  trunks  which  reach  the 
periphery  of  the  lobules,  where  they  form  a  rich  plexus.  The  branches  of  the 
-  portal  vein  lying  between  the  lobules  are  called  the  interlobular  veins  (figs.  225, 
226,  227,  F.^.),  which  are  always..,,provided  with  thick  muscular  walls.  From 


n  A  > 


I 

I  Fig.  227. 


I,  Scheme  of  a  Hver-Iobule — F.  i,  V.i,  interlobular  vein  (portal)  ;  V.c,  central  or  intralobular 
vein  (hepatic)  ;  e,c,  capillaries  between  both  ;  V,s,  sublobular  vein  ;  V.v.  vena  vascu- 
laris ;  A,  A,  hepatic  artery,  giving  branches,  r,  r,  to  Glisson's  capsule  and  the  larger 
vessels,  and  ultimately  forming  the  venfe  vasculares  at  i,  i,  opening  into  the  intralobular 
capillaries  ;  g,  bile-ducts  ;  a-,  ,r,  intralobular  biliary  channels  between  the  liver-cells  ;  d,  d, 
position  of  the  liver-cells  between  the  meshes  of  the  blood-capillaries.  II.  Isolated  liver- 
cells — c,  a  blood-capillary;  a,  fine  bile-capillary  channel. 

these  veins  numerous  capillaries  (c,  c)  are  given  off  to  the  . entire  periphery  of  the 
lobule.  The  capillaries  converge  towards  the  centre  of  the  lobule.  As  they 
proceed  inwards,  they  form  elongated  meshes,  and  between  the  capillaries  lie  rows 
or  columns  of  liver-cells  {d,  d).  The  capillaries  are  relatively  wide,  and  are  so 
disposed  as  to  lie  between  the  edges  of  the  columns  of  cells,  and  never  between  the 
surfaces  of  two  neighbouring  cells.  The  capillaries  converge  towards  the  centre 
of  each  lobule,  where  they  join  to  form  one  large  vein,  the  intralobular,  hepatic, 
or  central  vein  (F.c),  which  traverses  each  lobule,  reaches  its  surface  at  one  point, 
passes  out,  and  joins  similar  veins  from  other  lobules  to  form  the  sublobular 
veins  (fig.  227,  V.s).    The  branches  of  the  hepatic  veins  have  very  thin  walls. 
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These  in  turn  unite  to  form  wide  veins,  the  origins  of  the  hepatic  vein,  which 
opens  into  the  vena  cava  inferior. 

(h)  The  branches  of  the  hepatic  artery  accompany  the  branches  of  the  portal 
vein  and  bile-duct  in  the  portal  canals  between  the  lobnles,  and  ni  their  course 
aive  oft*  capillaries  to  supply  the  walls  of  the  portal  vein  and  larger  bi  e-ducts. 
The  branches  of  the  hepatic  artery  anastomose  frequently  where  they  lie  between 
the  lobules.  On  reaching  the  periphery  of  the  lolxiles,  a  certam  number  oi 
capillaries  are  given  oft",  which  penetrate  the  lobule,  and  terminate  in  the  capillaries 
of  the  portal  vein  (/,  i).  These  capillaries,  however,  which  supply  the  walls  of  the 
portal  vein  and  large  bile-ducts  (7-,  r),  terminate  in  veins  which  end  m  the  portal 
vein  iVv)  Several  branches— ca2J6'?Jar— pass  to  the  surface  of  the  liver,  where 
they  form  a  wide-meshed  plexus  under  the  peritoneum.  The  blood  is  returned 
by  veins,  which  open  into  branches  of  the  portal  vein. 

FHepatic  Zones.- Pathologists  draw  a  sharp  distinction  between  different  zones  within  a 
hemtTlobuTe  Thus  the  central  area,  capillaries,  and  cells  form  the  hepatic  vein  zone,  which 
s  Se  llÄ^  cyanotic  changes;  the  area  next  the  periphery  of  the  lobule  is  the  por  al 
ve  rzone^  whose  cells  under  certain  circumstances  are  particularly  apt  to  undergo  fatty  de 
generation  while  there  is  an  area  lying  midway  between  the  two  loregomg-the  hepatic 
artery  zone— which  is  specially  liable  to  amyloid  or  waxy  degeneration.  J 

3  The  liver  cells  (fig.  227,  II,  a)  are  irregular  polygonal  cells  of  about  yoVo^^^  .^^ 
an  inch  (34  to  45  /x)  in  diameter  (fig.  229).    The  arrangement  of  the  capillaries 
within  a  lobule  deter-  r^:.);^I.iiyi;i,^ 
mir^es  the  arrangement  ^.^^i^'     \:\i[^Vdi^,>     v  od 

of  the  liver-cells.    The  T      ^  '  ^-^'^'^f^l' /  ^J, 

liver-cells  form  anasto-  /I  '  5^^?^!^-^  /  |^ 

mosing  columns  Avhich  '  > 

radiate  from  the  centre  '  ^  ^ 

to  the  periphery  of  each  y  ^r^* '  l'^  \  '""^  ^| 

lobule  (figs.  228,  230).  /  -  -V  l'^  •         '  / 

[The  liver-cells  are 
usually  stated  to  be  de- 
void of  an  envelope, 
although  Haycraft  states 
that  they  possess  one. 
They  usually  contain  a 
single  nucleus,  with  one 
or  more  nucleoli,  but 
sometimes    two    nuclei  ^ 

The  protoplasm  ''4^^^^''' 

Fig.  228. 

fibrils  just  like  other  a  liver  lobule  stained  with  picro-carmine  (,SYirZmgr).  BD., 
epithehal     cells.        In  bile-duct ;  PV.  and  HV. ,  portal  and  hepatic  veins ; 

some  animals,  globules  HA.,  hepatic  artery. 

of  oil  and  pigment-granules  are  found  in  the  cell-protoplasm  (fig,  229).  Each  cell 
is  in  relation  with  the  wide-meshed  blood-capillaries  (fig.  227,  d,  d),  and  also  with 
the  much  narrower  mesh  work  of  bile-ducts  (I,  x). 

Changes  in  Liver-Cells.— The  appearance  of  the  cells  varies  with  the  period  of 
digestion.  During  hunger,  the  liver-cells  are  finely  granular  and  very  cloudy 
(fig.  230),  [and  contain  Httle  glycogen,  but  many  pigment-granules,  and  the 
nucleus  is  more  frequently  absent.  Often  free  nucleoh  and  pale'  nuclei  are  found 
{Ellenherger  and  Baum).  During  activity,  i.e.,  after  a  full  meal,  especially  of 
starchy  food,  the  cells  are  larger  and  more  distinct,  stain  more  deeply  with  eosin, 
and  contain  fewer  granules.]    The  protoplasm  contains  coarse,  glancing  hyaline 


occur 

and  nucleus  of  each  cell 
contain    a    plexus  of 
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masses  of  glycogen  (fig.  233,  2),  and  near  the  surface  of  the  cell  it  is  condensed, 
and  a  fine  network  stretches  toward  the  centre  of  the  cell,  and  in  it  is  suspended 
the  nucleus.  All  the  hepatic  cells  are  not  in  the  same  phase  of  activity  at  the 
same  time.  [Afanassiew  finds  that  if  the  formation  of  bile  in  the  liver  be 
increased  {e.g.,  by  section  of  the  hepatic  nerves,  or  feeding  with  proteids),  the 
cells  are  moderately  enlarged  in  size,  and  contain  numerous  granules,  which  are 
proteid  in  their  nature  ;  such  cells  resist  the  action  of  caustic  potash.  When  there 
is  a  great  formation  of  glycogen  (as  after  feeding  with  potatoes  and  sugar),  all  the 


Fig.  229. 

Human  liver-cells  containing  oil-globules,  h  ; 
(L  has  two  nuclei. 


Fig.  230. 

Liver-cells  after  witliliolding  food  for 
36  hours. 


Blood- 
vessel. 


cells  are  very  large  and  sharply  defined,  and  contain  many  granules  of  glycogen, 
the  cells  being  so  large  as  to  compress  the  capillaries.] 

[A.  In  frogs  the  appearance  of  the  liver-cells  varies  with  the  season  of  the  year.  During  the 
period  from  December  to  May — best  studied  in  April— the  cells  are  small,  the  nuclei  large ;  and 
the  cells  contain  very  little  or  no  glycogen.  In  the  period  from  June  to  November — best 
studied  in  November — the  cells  are  large,  and  contain  many  granules  which  are  stained  by 

eosin  and  nigrosin.  They 

Finest  bile-eapillary.    Finest  bile-capillary  divided.  contain     much  glycogen 

(most  in  December),  and 
their  nuclei  are  small.] 

[The  cells  of  a  winter 
frog's  liver  contain  in  their 
protoplasm  (1)  hyaline  gran- 
ules of  glycogen,  usually 
arranged  towards  the  outer 
part  of  the  cell  near  the 
lilood-vessel ;  (2)  scattered 
throughout  the  protoplasm 
of  the  cell  there  may  be  fine 
granules  of  fat  or  oil  ;  and, 
(3)  small  granules  of  a  pro- 
teid nature,  at  the  inner 
part  of  the  cell  next  the  bile 
capillary.  The  last-named 
granules  diminish  during 
digestion,  and  new  ones 
appear  to  be  formed  in  the 
intervals  of  digestion,  so 
that  there  is  an  analogy 
between  the  liver-cells  in 
this  respect  and  other 
glands,  e.g.,  pancreas.  All 
these  substances  may  be 
recognised  either  directly  or 
and  the  fat  is  blackened  by 


Kiicleus  of  a  Finest 
livev-cell.  bile-capillary. 

Fig.  231. 

Blood-capillaries  ;  finest  bile-capillaries  or  canaliculi  in  their 
relative  position  in  a  rabbit's  liver. 

by  reagents  ;  the  glycogen  gives  a  port-wine  colour  with  iodine, 
osmic  acid,  Avhile  the  proteid  granules  are  not  affected  by  osmic  acid,  but  disappear  in  caustic 
potash.  If  the  glycogen  be  dissolved  out  by  water  the  outer  part  of  the  cell -pro  to  plasm  appears 
vacuolated.  If  a  frog  be  fed  on  carbohydrates  the  cells  enlarge,  and  there  is  a  great  accumula- 
tion of  glycogen  in  the  cell,  especially  at  its  outer  part,  so  as  to  compress  the  protoplasm.  The 
port-wine  reaction  is  very  marked.    In  a  summer  frog,  or  a  starved  one,  the  cells  are  very 
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small  and  devoid  of  glycogen.  In  one  fed  on  proteids  there  is  little  or  no  glycogen,  and  the 
cells  are  smaller  and  very  granular.]  _  11,1^4.1 

[B  Mammals  —Much  the  same  changes  occur  ;  but  m  one  fed  on  carbo-hydrates  the 
aUcoaen  accumulates  in  the  protoplasm  around  the  nucleus,  and  spreads  out  towards  the 
periphery,  leaving  a  compressed  crust  of  protoplasm  outside  it.  It  the  glycogen  be  dissolved 
out  wide  vacuoles  bounded  by  threads  of  protoplasm  are  seen  m  the  cells.  In  the  starved 
mammal  the  cells  generally  are  like  those  of  the  frog  under  smnlar  conditions.] 

rAction  of  Drugs  on  the  Liver-Cells. —Some  substances  excite  the  cells  to  activity,  and 
cause  them  to  present  the  appearance  of  cells  in  activity,  e.g.,  pilocarpin,  muscarin  aloes  ;  less 
so  salicylate  and  benzoate  of  soda  and  rhubarb,  while  atropm  and  lead  acetate  inhibit  the  signs 
of  activity.  These  results  were  obtained  in  the  horse  by  Ellenberger  and  Baum  [Stolnikow, 
by  using  the  quadruple-staining  method  of  Ganle,  finds  that  the  hepatic  cells  of  the  frog 
undergo  remarkable  changes  in  poisoning  by  phosphorus.  It  is  well  known  that  tins  drug 
produces  fattv  degeneration  of  the  liver-cells,  but  a  deeper  study  shows  that  the  changes  are 


Fig.  232. 


liver-cell  of 


and  &,  late  stage  in  poisoning  by  phosphorus;  e, 
;  d,  getting  sugar;  nnd  e,  peptone  {Stirling  after  Stolnikow). 


Eacli  cell  is 
3,  234).  The 


Liver- cells  of  frogs.    «,  early, 
frog  getting  water  only 

both  histological  and  chemical.  Besides  producing  remarkable  changes  in  the  protoplasm  of 
the  cell,  the  protoplasm  of  the  nucleus,  in  the  form  of  small  masses  called  plasmosoma  passes 
out  into  the  cell-bidy,  perhaps  to  renew  the  latter.  The  cells  are  increased  in  size  botli  after 
poisoning  with  phosphorus  and  after  exision  of  the  fat  bodies  m  the  frog  (fig.  232)  ihe  lat 
present  in  the  liver  in  phosphorus-poisoning  is  not  present  as  droplets  of  od,  but  probably  m  a 
loose  combination,  e.g.,  lecithin,  and  as  a  matter  of  fact  the  amount  of  liver-lecithm  is 
extraordinarilv  increased.  There  is  also  an  increase  of  the  nuclem  ;  while  glycogen  is  absent 
{A.  Leonard)^  Antipyrin  also  produces  profound  changes,  especially  m  the  nuclei.] 

4.  The  Bile-Ducts.— The  finest  bile-capillaries,  channels,  or  canalicnh  arise  at 
the  centre  of  the  lobule,  and  indeed  throughout  the  whole  lobule  ^hey  form  a 
regular  anastomosing  network  of  very  fine  tubes  or  channels.  ' 
surrounded  by  a  polygonal— usually  hexagonal— mesh  (figs.  233 
bile-capillaries  always  he  in  the  middle  of  the  surface 
between  two  adjoining  cells  (fig.  227  II,  a),  where  they 
form  actual  intercellular  passages  (fig.  231).  [Accord- 
ing to  some  observ^ers,  they  are  merely  excessively 
narrow  channels  (1    to  2  /x  wide)   in  the  cement 
substance  between  the  cells,  while  according  to  others 
they  have  a  distinct  delicate  wall.    The  bile-capillary 
network  is  much  closer  than  the  blood-capillary  net- 
work.   Thus,  there  arc  three  net^yorks  within  each 
lobule — 

(1)  A  network  of  blood-capillaries  ; 

(2)  ,,  liver-cells  ; 

(3)  ,,  bile-capillaries  ;  (fig.  231). 

[The  intralobular  bile  capillaries  in  man  lie  between  two  cell 
lie  at  the  junction  of  several  hepatic  cells,  a  fact  best  seen 
transversely.  ] 

Excessively  minute  intracellular  passages  are  said  to  pass  from  the  bile- 
capillaries  into  the  interior  of  the  liver-cells,  where  they  communicate  with 
certain  small  cavities  or  vacuoles  {Asp,  Kupfer)  (fig.  233,  3).  As  the  blood- 
capillaries  run  along  the  edge  of  the  liver-cells,  and  the  bile-capillaries  between 


Fig.  233. 

1,  Liver-cell,  during  fasting  ; 
2,  containing  masses  of  gly- 
cogen ;  3,  a  liver-cell  sur- 
rounded with  bile-channels, 
from  which  fine  twigs  pro- 
ceed into  the  cell-substance 
to  end  in  vacuoles. 

but  in  the  frog  the  channels 
where  the  bile-capillary  is  cut 


3i6 


ARRANGEMENT  OF  THE  BILE-DUCTS. 


[Sec.  173. 


the  opposed  surfaces  of  adjacent  cells,  the  two  systems  of  canals  within  the  lobule 
are  kept  separate.  Some  bile-capillaries  run  along  the  edges  of  the  liver-cells  in 
the  human  liver,  especially  during  embryonic  life.  Towards  the  peripheral  part 
of  the  lobule,  the  bile-capillaries  are  larger,  while  adjoining  channels  anastomose, 
and  leave  the  lobule,  where  they  become  interlobular  ducts  (fig.  227  g),  which  join 
with  other  similar  ducts  to  form  larger  interlobular  bile-ducts.   These  accompany  the 


Circular 
fibres. 


Fig.  234. 

Blood-vessels  of  rabbit's  liver  injected  with  carmine  (red).    The  bile-ducts  and  intralobular 
bile-capillaries  are  blue,  being  filled  with  a  natural  injection  of  sulph-indigotate  of  soda. 

hepatic  artery  and  portal  vein,  and  leave  the  liver  at  the  transverse  fissure.  The 
finer  interlobular  ducts,  unlike  ducts  generally,  frequently  anastomose  in  Glisson's 
capsule,  possess  a  structureless  basement  membrane,  and  are  lined  by  a  single 
layer  of  low  polyhedral  epithelial  cells.    The  larger  interlobular  ducts  have  a 

distinct  wall,  consisting  of  connective  and  elastic 
tissue,  mixed  with  circularly-disposed  smooth  mus- 
cular fibres  (fig.  235).  Capillaries  are  supplied 
to  the  wall,  which  is  lined  by  a  single  layer  of 
columnar  epithelium.  A  sub-mucosa  occurs  only 
in  the  largest  bile-ducts  and  in  the  gall-bladder. 
Smooth  muscular  fibres,  arranged  in  single  bundles, 
occur  in  the  largest  ducts,  and  as  longitudinal  and 
circular  layers  in  the  gall-bladder,  whose  mucous 
membrane  is  provided  with  numerous  folds  and 
depressions.  The  mucous  membrane  of  the  gall- 
bladder is  pitted  and  the  mucous  membrane  lining 
it.  The  epithelium  lining  it  is  cylindrical,  with  a 
distinct  clear  disc,  and  between  these  cells  are 
goblet-cells.  Small  branched  tubular  mucous  glands  occur  in  the  larger  bile- 
ducts  and  in  the  gall-bladder. 

Vasa  aberrantia  are  isolated  bile-ducts  which  occur  on  the  surface  of  the  liver,  but  have  no 
relation  to  any  system  of  liver-lobules.  They  occur  at  the  sharp  margin  of  tlie  liver,  in  tlie 
region  of  the  inferior  vena  cava,  of  the  gall-bladder,  and  of  the  parts  near  the  portal  fissure. 
It  seems  that  the  liver-lobules  to  which  they  originally  belonged  have  atrophied  and  dis- 
appeared {ZucTcerkandl  and  Toldt). 


Fig.  235. 
Interlobular  bile-duct  (human ). 
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5.  The  lymphatics  begin  as  pericapillary  tubes  around  the  capillaries  within 
the  lobules,  emerge  from  the  lobule,  and  run  icithin  the  wall  of  the  branches  of 
the  hepatic  and  portal  veins,  and  afterwards  surround  the  venous  trunks,  thus 
forming  the  interlobular  lymphatics.  These  unite  to  form  larger  trunks,  which 
leave  the  liver  j)artly  at  the  portal  fissure,  partly  along  with  the  hepatic  veins, 
and  partly  at  different  points  on  the  surface  of  the  organ.  There  is  a  narrow 
superficial  meshwork  of  lymphatics  under  the  peritoneum — sub-peritoneal — -which 
communicate  with  the  thoracic  lymphatics  through  the  triangular  ligament  and 
Suspensorium,  while  on  the  under  surface  they  communicate  with  the  lymphatics 
of  the  interlobular  connective  tissue. 

6.  The  nerves  consist  partly  of  meduUated  but  chiefly  of  iion-niedullated  fibres 
from  branches  of  the  sympathetic,  the  terminal  branches  of  the  right  vagus,  and 
some  branches  of  the  left  vagus  to  the  hepatic  plexus,  the  hepatic  plexus  being 
that  part  of  the  solar  plexus  which  embraces  the  portal  vein,  bile-duct,  and  hepatic 
artery,  as  these  pass  into  the  liver  at  the  portal  fissure.  They  accompany  the 
branches  of  the  hepatic  artery,  and  ga.mjUa  occur  on  their  branches  within  the 
liver.  Some  of  the  nerve-fibres  are  vaso-motor  in  function,  and,  according  to 
Pflüger,  other  nerve-fibres  terminate  directly  in  connection  with  liver-cells. 
[MacCallum  describes  an  interlobular  plexus  of  non-niedullated  fibres  in  man  and 
Menobranchus,  from  which  a  perivascular  and  intercellular  plexus  proceeds. 
From  the  latter,  fibrils  pass  to  terminate  within  the  cells  near  the  nucleus.] 

Pathological. — The  connective  tissue  between  the  lobules  may  undergo  great  increase  in 
amount,  especially  in  alcohol  and  gin  drinkers,  and  thus  the  substance  of  the  lobules  may  be 
greatly  compressed,  owing  to  the  cicatricial  contraction  of  the  newly-formed  connective  tissue 
(cirrhosis  of  the  liver  ).   In  such  interlobular  connective-tissue,  newly-formed  bile-ducts  are  found. 

Ligature  of  the  ductus  choledochus  [causes  enlargement  of  the  spleen  (rabbit),  and  a 
diminution  in  the  number  of  the  blood-corpuscles],  and,  after  a  time,  interstitial  inflammation 
of  the  liver.  In  rabbits  and  guinea-pigs  the  liver  parenchyma  disappears,  and  its  place  is 
taken  by  newly-formed  connective  tissue  and  bile-ducts  {Charcot  and  Gomhault).  In  all  these 
cases  of  interstitial  inflammation,  there  is  proliferation  of  the  epithelium  of  the  bile-ducts, 

[Regeneration  of  the  Liver. — -Tizzoni  tinds  that  there  may  be  partial  regeneration  and  new 
formation  of  liver-lobules  in  the  dog,  the  process  being  the  same  as  that  which  occurs  in  the 
embryonic  development  of  the  organ,  i.e.,  the  growth  of  solid  cylinders  of  liver-cells,  formed  by 
the  pre-existing  liver-cells,  which  penetrate  into  the  connective  tissue  uniting  the  edges  of  the 
wound.  These  cells  ultimately  diflferentiate  into  hepatic  cells  and  bile-ducts.  Other  observers 
attribute  the  new  formation  to  outgi'owths  of  the  epithelial  cells  of  the  bile-cells.] 

[Excision  of  Part  of  Liver. — Nearly  three-fourths  of  a  rabbit's  liver  may  be  excised,  and  still 
the  animal  may  live  in  apparent  health  for  months  or  even  a  year.  This  is  due  to  the  enor- 
mous regeneration  of  liver-tissue  which  takes  place.  Nearly  the  whole  bulk  of  the  organ  removed 
may  be  reproduced,  even  if  three-quarters  of  the  liver  be  removed  (Po7ißck).] 

174.  CHEMICAL  COMPOSITION  OF  THE  LIVER-CELLS.— (1)  Proteids. 

— The  fresh,  soft,  parenchyma  of  the  liver  is  alkaline  m  reaction ;  after  death, 
coagulation  occurs,  the  cell-contents  appear  turbid,  the  tissue  becomes  friable,  and 
gradually  an  acid  reaction  is  developed.  This  process  closely  resembles  what  occurs 
in  muscle,  and  is  due  to  the  coagulation  of  a  myosin-like  body,  which  is  soluble 
during  life,  but  after  death  undergoes  spontaneous  coagulation  (Plosz).  The  liver 
contains  other  proteids;  globulins  coagulating  at  45°,  56°,  and  at  70°  C,  and  mere 
traces  of  a  cell-albumin  coagulating  at70°-7 3°  C.  ISTucleo-albumins  appear  to  be  absent 
(Halliburton).    The  nuclei  contain  nuclein.    The  connective-tissue  yields  gelatin. 

(2)  Glycogen  or  Animal  Starch. — 1-2  to  2-6  per  cent. —is  a  true  carbohydrate 
most  closely  related  to  inulin,  apparently  soluble  in  cold  water,  but  perhaps  only 
swelling  up  in  water  yielding  an  opalescent  solution,  which  diffuses  with  difficulty. 
It  has  the  formula  6{CqR-^^qO^)  -t-  [and  may  be  regarded  as  a  colloid-carbo- 
hydrate.] It  is  stored  up  in  the  liver-cells  in  amorphous  granules  around  the 
nuclei  (fig.  233,  2),  and  is  uniformly  distributed  in  all  parts  of  the  liver.  Like 
inulin,  it  gives  a  deep  red  or  port-wine  colour  with  solution  of  iodine  in  iodide  of 
potassium.    It  is  changed  into  dextrin  and  sugar  by  diastatic  ferments,  and  when 
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boiled  with  dilute  mineral  acids  it  yields  grape-sugar  (§  148,  I.;  §  170,  I.;  §  252, 
III).  [It  appears  to  play  the  same  part  in  animal  metabolism  that  starch  does  in 
the*  metabolism  of  plants.  It  represents  a  store  of  the  excess  of  carbohydrates 
stored  up  in  the  organism  for  future  use.] 

Preparation  of  Glycogen.— [Feed  a  rabbit  on  carrots  or  boiled  rice,  and  kill  it  three  or  four 
hours  thereafter.  Remove  the  liver  immediately  after  death,  cut  it  into  fine  pieces,  and  place 
these  in  hoiling  water,  and  boil  it  for  some  time  in  order  to  obtain  a  watery  extract  of  the  liver. 
The  boiling  water  destroys  the  ferment  supposed  to  be  present  in  the  liver,  which  would  trans- 
form the  glycogen  into  grape-sugar.  To  the  cold  filtrate  are  added  alternately  dilute  hydro- 
chloric acid  and  potassic-mercuric  iodide,  which  precipitate  the  proteids.  Filter,  when  a  clear 
opalescent  fluid,  containing  the  glycogen  in  solution,  is  obtained.  The  glycogen  is  precipitated 
from  the  filtrate,  as  a  white  amorphous  powder,  on  adding  an  excess  of  70  to  80  per  cent, 
alcohol  The  precipitate  is  washed  with  60  per  cent,  and  afterwards  with  95  percent,  alcohol, 
then  with  ether,  and  lastly,  with  absolute  alcohol  ;  it  is  dried  over  sulphuric  acid  and  weighed 
(Brücke).  Külz  modifies  the  method  somewhat.  After  boiling  the  liver  for  half  an  hour,  it  is 
rubbed  up  with  liquor  potassa?  (100  grm.  liver,  4  gim.  KHO).  Evaporate  on  a  water-bath 
until  all  is  dissolved,  which  occurs  in  about  -3  hours.  After  cooling,  neutralise  with  HCl  and 
precipitate  the  proteids  as  above.  The  glycogen  is  precipitated  with  96  per  cent,  alcohol,  i.e.  ,_until 
the  solution  contains  60  per  cent,  of  alcohol.  F.  Eves  asserts  that  the  post-mortem  conversion  oi 
suo-ar  in  the  liver  is  not  attributable  to  a  ferment  action,  and  the  rapid  appearance  of  sugar  in 
the  liver  after  death  is  due  to  the  specific  metabolic  activity  of  the  dying  cells  (p.  319).] 

Sources.— These  have  been  variously  stated  by  different  observers  to  be  the 
carbohydrates  of  the  food  {Favy) ;  glycerin,  taurin,  and  glycin  (the  latter  sphtting 
into  glycogen  and  urea),  the  proteids  {CI.  Bernard)  ;  and  gelatin  (Salomon).  If 
glycogen  is  derived  from  the  albumins,  it  must  be  formed  from  a  non-nitrogenous 
derivative  thereof. 

Rohmann  found  that  the  use  of  ammonia  carbonate  and  asparagin  or  glycin,  along  with  a 
carbohydrate  diet,  in  rabbits  considerably  increased  the  formation  of  glycogen.  The  acid  formed 
in  excessive  amount,  observed  by  Stadelmann  in  diabetes,  unites  with  the  ammonia  and 
diminishes  considerably  the  formation  of  glycogen. 

Effects  of  Food.— Rabbits,  whose  livers  have  been  rendered  free  from  glycogen 
by  starvation,  yield  new  glycogen  from  their  livers  when  they  are  fed  with  cane- 
sugar,  grape-sugar,  maltose,  or  starch.  Active  muscular  movements  soon  make 
the  fiver  of  dogs  free  from  glycogen ;  exposure  to  cold  diminishes  its  amount. 
Dextrin  and  grape-sugar  occur  in  the  dead  liver,  but,  in  addition,  some  glycogen 
is  found  for  a  considerable  time  after  death  in  the  liver  and  in  the  muscles. 

[Pflüger  regards  the  formation  of  glycogen  from  proteids  as  a  synthetic  process.  The  mole- 
cular group  (CHg),  present  both  in  albumin  and  the  fatty  acids,  must  be  changed  into  CH.OH 
by  oxidation.  The  cells  which  cause  this  formation  can  also  make  use  of  these  groups  CH.OH, 
where  they  find  them  already  present,  as  in  sugar  and  glycerin.  In  this  way  the  formation  of 
glycogen  from  molecules  derived  from  various  sources  is  analogous  to  the  formation  of  fat  from 
carbohydrates  or  from  proteids  (§  241).]  .  i    i  i. 

If  glycotren  is  injected  into  the  blood,  achroodextrin  appears  in  the  urine,  and  also  lijemo- 
globin,  as  glycogen  dissolves  red  blood-corpuscles.  Ligature  of  the  bile-duct  causes  decrease  of 
the  glycogen  in  the  liver.  .  i-  .  ■,  ■ 

Other  Situations.— Glycogen  is  not  confined  to  the  Hver-cells  ;  it  occurs  during  foetal  life  m 
all  the  tissues  of  the  bodv  of  the  embryo  [including  the  embryonic  skeleton],  in  young  animals 
{Kühne),  the  placenta  [in  the  epithelial  cells  between  the  foetal  and  maternal  tissues]  {Bernard). 
It  occurs  in  large  amount  in  the  liver  during  intra-uterine  Hfe.]  In  the  adult  it  occurs  m  the 
testicle,  in  the  muscles  {MacDonnel,  0.  Nasse),  in  numerous  pathological  products  m  inflamed 
lungs  {Kühne),  and  also  in  the  corresponding  tissues  of  the  lower  animals.  [It  also  occurs  in 
the  chorionic  villi,  in  colourless  blood-corpuscles,  in  fresh  pus  cells  which  still  exhibit  amoiboid 
movements,  and  in  fact  in  all  developing  animal  cells,  with  amöboid  movement  ;  the  outei-  root- 
sheath  of  a  hair-follicle  {Neisser)  ;  it  is  a  never-faiUng  constituent  in  cartilage,  and  in  the 
muscles  and  liver  of  invertebrata,  such  as  the  oyster.  There  is  none  in  the  fresh  brain  of  the 
dog  or  rabbit,  but  it  is  found  in  the  brain  in  diabetic  coma  {Aheles).'] 

Modifying  Conditions.— If  to  a  diet  of  proteids  there  be  added  large  quantities 
of  starch,  milk-,  fruit-,  or  cane-sugar,  or  glycerin,  the  amount  of  glycogen  in  the 
liver  is  very  greatly  increased  (to  12  per  cent,  in  the  fowl),  with  a  purely  albuminous 
diet  there  is  less  glycogen,  while  a  purely  fatty  diet  diminishes  it  enormously. 
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During  liunger  it  may  disappear  entirely.  The  injection  of  sugar  or  glycerin  into  a 
mesenteric  vein  of  a  starving  ral)bit  causes  the  liver,  previously  free  from  glycogen, 
to  contain  glycogen  {Naunyn).  [It  rapidly  disappears  from  the  liver  of  a  ral)l)it  l:)y 
the  action  of  cold,  e.g.,  cold  baths  and  cold  air.  It  would  seem,  therefore,  to  be  a 
source  of  heat.  Glycerin  increases  it,  and  also  prevents  the  post-mortem  change  of 
glycogen  into  grape-sugar.] 

[Effect  of  Drugs  on  Glycogen. — Arsenic,  phosphorus,  and  antimony  destroy  the  glycogenic 
function  of  the  liver,  no  glycogen  being  present  in  the  liver  in  animals  poisoned  with  these 
drugs,  so  that  puncture  of  the  floor  of  the  fourth  ventricle  no  longer  causes  glycosuria  in  them. 
In  animals  poisoned  by  strychnia  or  curare,  it  is  greatly  diminished,  both  in  the  liver  and  in 
the  muscles.    Sugar  is  always  present  in  the  urine  in  the  latter  case  but  not  in  the  former.] 

During  life,  in  the  intervals  of  digestion  under  normal  conditions,  the  glycogen 
is  slowly  and  gradually  transformed  into  grape-sugar,  and  the  latter  passes 
into  the  hepatic  vein.  The  normal  amoiint  of  sugar  in  blood  is  0*5  to  1  per  1000, 
although  the  blood  of  the  hepatic  vein  contains  somewhat  more  [•2-- 28  per  cent.]. 
A  considerable  amount  is  transformed  into  sugar  only  when  there  is  a  decided 
derangement  of  the  hepatic  circulation,  and  in  these  circumstances  the  blood  of  the 
hepatic  vein  contains  more  sugar.  The  glycogen  undergoes  this  change  very  rapidly 
after  death,  so  that  a  liver  which  has  been  dead  for  some  time  always  contains  more 
sugar  and  less  glycogen,  the  grape-sugar  formed  corresponding  to  the  glycogen 
which  disappears. 

[Glycogeny  or  G-lycogenic  Function  of  the  Liver. — The  formation  of  glycogen 
in  the  liver  is  intimately  related  to  the  general  metabolic  phenomena  in  the 
body.  In  1848  Bernard  found  that  a  considerable  quantity  of  a  reducing  sugar 
was  obtainable  from  the  liver  after  death.  In  1857,  however,  he  found  that  if 
a  liA^er  be  taken  out  of  the  body  of  a  well-fed  animal  immediately  after  death  and 
analysed,  it  did  not  contain  sugar,  but  from  it  he  obtained  the  body  glycogen, 
the  explanation  of  his  first  observation  being  that  the  glycogen  normally  existing 
in  the  cells  of  the  living  liver  was  rapidly  converted  into  sugar  after  death. 
Pavy  also  showed  that  if  the  liver  be  examined  as  quickly  as  possible  after  death 
it  contained  only  glycogen,  with  occasionally  traces  of  sugar. 

An  extract  of  a  liver  rapidly  removed  from  a  "  well-fed animal  after  death 
always  presents  an  opalescent  appearance,  due  to  glycogen,  and  it  gives  all  the 
reactions  of  glycogen.  If,  however,  an  extract  be  made  of  a  liver  that  has  been 
removed  several  hours  previously,  and  especially  if  the  liver  has  been  kept  in  a 
warm  place,  a  decoction  of  such  a  liver  is  always  clear  and  contains  no  glycogen, 
but  much  sugar.  The  glycogen  has  after  death  by  some  action  or  other  been 
converted  into  sugar ;  the  agency,  whatever  it  is,  is  destroyed  by  the  temperature 
of  boiling  water.  It  was  suggested  that  the  conversion  was  due  to  the  action  of  a 
diastatic  ferment,  but  this  is  highly  doubtful.  Diastatic  ferments,  e.g.,  ptyalin, 
when  they  act  on  glycogen,  convert  it  into  maltose.  Now,  the  sugar  which  is 
formed  in  the  liver  post-mortem  is  glucose.  More  probably  it  is  due  to  the  action 
of  the  living  protoplasm  of  the  hepatic  cell,  a  view  confirmed  by  Dastre  (p.  321).] 

[The  quantity  of  glycogen  in  the  liver  varies  in  different  species  of  animals,  even  under  the 
same  conditions  of  feeding,  &c.    MacDonnell  gives  the  following  : — 


ßatio  of  weight  of  body  Percentage  of 

to  weight  of  liver.  glycogen. 

Dog,      .....          30-1  4-5 

Cat,      .....          19-1  1-5 

Rabbit,.          ....          351  37 

Guinea-pig,       ....          21  "1  1*4 

Rat,      .....          26-1  2-5 

Pigeon,.          ....          44-1  2-5] 


[That  the  amount  of  glycogen  present  in  the  liver  is  very  variable,  and  is 
especially  dependent  on  the  nature  and  amount  of  the  food,  has  already  been 
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Stated  Prolonged  fasting  causes  it  to  disappear  from  tlie  liver  entirely  in  dogs 
in  fifteen  or  sixteen  days,  and  in  rabbits  in  five  days.  Feeding  with  carbo- 
hydrates causes  the  greatest  accumulation  of  glycogen  m  the  liver,  or  rather  a 
mixed  diet  containing  some  proteids,  but  with  a  large  excess  of  carbohydrates,  it 
a  doer  or  fox  be  starved  until  all  glycogen  disappears  from  its  hver,  and  then  be 
fed  on  flesh  i  e  proteids,  glycogen  accumulates  in  the  liver ;  but  not  to  such  an 
extent  as  occurs  after  feeding  with  carbohydrates.  The  glycogen  in  the  liver 
cannot  be  accounted  for  by  the  small  quantities  of  glycogen  that  are  present  in 
the  flesh,  for  small  quantities  of  glycogen  are  formed  m  the  hver  even  on  a  diet  ot 
fibrin  or  gelatin.  It  seems,  therefore,  that  some  glycogen  may  be  formed  from 
proteids,  and  we  know  that  when  proteids  are  split  up  under  certain  conditions 
they  yield  a  nitrogenous  body  and  a  carbon-containing  non-nitrogenoi^  residue  ; 
the  latter  may  probably  be  the  source  of  the  glycogen  in  this  case.  Fats  are  m 
no  way  concerned  in  the  storing  up  of  glycogen  in  the  liver.] 

[The  storing  up  of  glycogen  is  also  influenced  by  tlie  season  of  the  year  apart  from  tlie 
taking  of  foocL-  This  is  the  case  in  the  frog.  There  is  a  considerable  storage  of  glycogen  in  the 
ifver  of  the  frog  in  winter,  even  though  no  food  has  been  taken  for  some  months  ;  while  m 
summer  the  liver  contains  very  little  (p.  314).  The  storage  and  disappearance  of  glycogen  m 
the  frog's  liver  are  ultimately  dependent  on  temperature.  If  a  winter  frog  be  kept  warm  for 
some  days,  its  hepatic  glycogen  rapidly  disappears.  From  the  above  it  would  seem  that  glycog^^^^^ 
may  befoi'med  iAdepeSderitly  of  matters  obtained  from  the  alimentary  canal.  The  maten^ 
for  its  formation  must  have  been  furnished  from  some  part  of  the  frog  other  than  the  intestinal 
tract.  ] 

[It  is  obvious  that  the  liver  in  some  way  or  other  manufactures  glycogen  either 
from  the  carbohydrates  or  proteids  or  from  both  supphed  to  it.  One  theory 
suogests  that  the  sugar  carried  by  the  portal  vein  to  the  liver  is  dehydrated  or 
loses  water  and  is  converted  into  glycogen,  which  is  stored  up  m  the  hepatic  cells 
This  view  receives  a  certain  amount  of  confirmation  from  Bernards  experiment  ot 
iniecting  grape-sugar  into  the  jugular  vein,  when  the  sugar  was  excreted  m  the 
urine  If! however,  the  sugar  was  slowly  injected  into  a  rectal  vein,  a  tributary 
of  the  portal  vein— the  sugar  had  to  traverse  the  liver  before  it  reached  the 
o-eneral  circulation— none  of  the  sugar  appeared  in  the  urme ;  at  the  same  time 
there  was  an  increase  of  glycogen  in  the  liver.  If  this  be  the  true  view,  then  the 
liver-cells  form  a  great  storehouse  for  the  carbohydrates  during  digestion,  while 
the  liver  regulates  the  amount  of  sugar  in  the  blood.  It  is  known  that  if  the  sugar 
in  the  blood  rises  above  a  certain  percentage  (more  than  0-3  per  cent,  normal 
amount  0-05-0-15),  that  it  is  excreted  by  the  urine.  Considering,  then,  the  rapid 
absorption  of  sugar  from  the  intestine  during  digestion,  it  seems  necessary  that  so 
much  sugar  should  not  be  thrown  continuously  into  the  general  circulation,  ihe 
liver  on  this  theory,  catches  and  secures  the  sugar,  and  stores  it  up  as  glycogen. 
The  blood  of  the  portal  vein  during  digestion  contains  more  sugar  than  the  hepatic 
vein  but  the  hepatic  vein  in  the  intervals  of  digestion  contains  more  sugar-about 
twice  as  much-than  the  portal  vein.  This  has  been  ascertained  for  the  hepatic 
vein  by  catheterisation  of  the  hepatic  vein.  A  long  flexible  catheter  is  introduced 
through  the  jugular  vein  into  the  superior  vena  cava,  and  thence  into  the  interior 
vena  cava ;  and  it  is  so  arranged  that  the  inferior  cava  can  be  occluded  below  the 
hepatic  vein,  and  from  the  latter  blood  can  be  drawn  off  and  analysed.] 

[This  increase  of  the  sugar  in  the  hepatic  vein  is  interpreted  to  mean  that  m  the 
intervals  of  digestion  the  liver  slowly  and  steadily  re-converts  the  glycogen  into 
sugar,  and  discharges  the  latter  into  the  hepatic  vein,  in  this  way  supplying  tiie 
needs  of  the  economy  for  this  substance,  yet  preventing  the  percentage  of  sugar 
in  the  blood  rising  so  high  that  it  would  be  excreted  by  the  urme.  J 

[It  has  been  suggested  that  the  glycogen  in  the  liver  is  a  ])reliminary  phase  m 
the  constructive  metabolism  of  fat.    There  are  no  good  grounds  of  support  lor  this 
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[Muscle-glycogen. — ^N'ext  to  the  liver  it  occurs  in  largest  amount  in  the  muscles, 
and  it  disappears  from  some  muscles,  at  least  during  starvation.  Even  admitting 
that  it  is  diminished  during  the  working  of  a  muscle,  a  muscle  remains  contractile 
without  glycogen  (§  294).] 

The  diastatic  ferment  in  the  liver  is  small  in  amount,  and  can  l^e  oT)tained 
from  the  extract  of  the  liver-cells  by  the  same  means  as  are  applicable  for  obtaining 
other  similar  ferments,  such  as  ptyalin  ;  it  does  not  seem  to  be  formed  within  the 
liver-cells,  but  only  passes  very  rapidly  from  the  blood  into  them.  The  ferment 
seems  to  be  rapidly  formed  when  the  blood-stream  undergoes  considerable  derange- 
ment. A  similar  ferment  is  formed  when  red  blood-corpuscles  are  dissolved 
{Tiegel),  and,  as  red  blood-corpuscles  are  continually  destroyed  within  the  liver, 
there  is  one  source  from  which  the  ferment  may  be  formed,  whereby  minute 
quantities  of  sugar  would  be  continually  formed  in  the  liver. 

[Dastre,  like  Eves,  was  unable  to  find  a  diastatic  ferment  in  the  liver  capable  of  converting 
glycogen  into  grape-sugar,  nevertheless,  he  admits  that  glycogen  is  converted  into  glucose  in 
the  liver.  This,  he  says,  is  due  to  the  activity  of  the  protoplasm  of  the  living  hepatic  cells. 
He  has  found  an  invert  ferment  in  the  liver.] 

According  to  Seegen,  the  blood  of  the  hepatic  vein  contains  twice  as  much  sugar  (0-23  per 
cent.)  as  that  in  the  portal  vein  (0-119  per  cent.)  ;  observations  on  dogs  showed  that  the  blood 
flowing  through  the  liver  gives  up  over  400  grms.  sugar  in  24  hrs.  Hence,  in  Carnivora,  the 
greatest  part  of  the  C  of  the  animal  food  must  pass  into  sugar,  so  that  the  formation  of  sugar 
in  the  liver,  and  its  decomposition  in  the  blood,  or  in  the  organs  traversed  by  the  blood,  must 
be  a  very  important  function  of  the  metabolism.  Seegen  is  also  of  opinion  that  the  liver-glyco- 
gen  takes  no  part  in  the  formation  of  sugar  in  the  liver. 

[Blood  when  perfused  through  a  freshly  excised  liver  (or  through  the  kidneys,  lungs,  or 
muscles,)  gains  lactic  acid  {Gaglio).  Lactic  acid  seems  to  be  a  normal  constituent  of  the  liver; 
at  least  when  arterial  blood  or  serum  is  perfused  through  the  liver,  the  outflowing  fluid 
contains  lactic  acid  {Gaglio).] 

(3)  Fats,  in  the  form  of  highly  refractive  granules,  occur  in  the  liver-cells,  as 
well  as  free  in  the  bile-ducts  ;  sometimes,  when  the  food  contains  much  fat  (more 
abundant  in  drunkards  and  the  phthisical),  olein,  palmitin,  stearin,  volatile  fatty 
acids,  and  sarcolactic  acid  are  found. 

There  are  also  found  traces  of  Cholesterin,  minute  quantities  of  urea,  uric  acid,  and  the  little- 
known  body  jecorin,  Ci05Hi8gN5SP3O46,  discovered  by  Drechsel,  contains  S  and  P,  and  reduces 
alkaline  solutions  of  copper  like  grape-sugar.  Its  function  is  unknown,  but  its  reducing  action 
must  be  borne  in  mind  in  connection  with  reducing  substances  in  the  liver.  It  is  also  found  in 
the  spleen,  muscles,  and  blood  {Baldi).  The  liver  of  birds  contains  a  relatively  large  amount  of 
Tiric  acid,  even  6  to  14  times  as  much  as  the  blood  {v.  Schrceder).  Leucin  (?  guanin),  sarkin, 
xanthin,  cystin  and  tyrosin  occur  pathologically  in  certain  diseases  where  marked  chemical 
decompositions  occur. 

[Fatty  degeneration  and  Infiltration.— Fatty  granules  are  of  common  occurrence  within  the 
cells  of  the  liver,  constituting  fatty  infiltration,  and  when  not  too  numerous  do  not  seem  to 
interfere  greatly  with  the  functions  of  the  liver-cells.  Fatty  particles  occur  if  too  much  fatty 
food  be  taken,  and  they  are  commonly  found  in  the  livers  of  stall-fed  animals  ;  the  well-known 
pdU-de-foie  gras  is  largely  composed  of  the  livers  of  geese,  which  have  been  fed  on  large 
amounts  of  farinaceous  food,  and  which  have  been  subjected  to  other  unfavourable  hygienic 
conditions.  Fatty  granules  are  recognised  by  their  highly  refractive  appearance,  by  their 
solubility  in  ether,  and  by  being  blackened  by  osmic  acid.  Even  in  health  fatty  granules  are 
frequently  present  in  the  hepatic  cells,  especially  those  near  the  portal  vein.  During  lactation 
also  the  liver  contains  much  fat.  In  fishes  the  liver  always  contains  much  oil,  and  there 
seems  to  be  some  relation  between  the  activity  of  the  respiratory  organs  and  the  size  of  the 
liver  ;  at  any  rate  in  fishes,  where  the  respiration  is  less  active — and  the  same  is  the  case  in 
embryos — the  liver  is  always  large,  while  birds  with  very  active  respiration  have  small  livers. 
If  a  dog  be  fed  on  oil  its  hepatic  cells  readily  become  fatty.] 

(4)  The  inorganic  substances  in  the  human  liver  are— potassium,  sodium, 
calcium,  magnesium,  iron,  manganese,  chlorine,  and  phosphoric,  sulphuric,  carbonic, 
and  silicic  acids  ;  while  copper,  zinc,  lead,  mercury,  and  arsenic  may  be  accidentally 
deposited  in  the  hepatic  tissue, 

[Tizzoni'sEeaction  for  Iron.— If  a  section  of  a  liver  (especially  of  a  young  animal)  hardened  in 
alcohol  be  treated  with  a  solution  of  potassic  ferrocyanide,  and  then  with  dilute  hydrochloric 
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acid,  as  a  general  rule  the  preparation  becomes  blue,  even  to  .the  naked  eye  ;  but  failing 
that,  one  can  usually  see  with  the  microscope  granules  of  Prussian  blue  in  the  protoplasm  of 
the  cells,  indicating  the  presence  of  free  iron  oxide.]  [If,  as  is  very  probable,  the  bile  pigments 
are  derived  from  a  derivative  of  hajmoglobin,  what  becomes  of  the  iron  ?  There  are  numerous 
combinations  of  iron  in  the  liver,  some  simple,  e.g.,  oxide  and  phosphate,  and  some  more  stable 
organic  combinations,  e.g.,  combined  with  nuclein,  as  an  iron-nuclein  called  hepatin  (§  247,  V.).] 

175.  DIABETES  MELLITUS  AND  GLYCOSURIA.— [Glycosuria  is  char- 
acterised by  the  presence  of  grape-sugar  in  the  urine.  According  to  Brücke  a 
trace  of  sugar  exists  normally  in  urine,  and  when  this  amount  is  increased  we 
have  glycosuria.  When  the  normal  amount  of  grape-sugar  in  the  blood  is 
increased,  grape-sugar  appears  in  the  urine.  The  blood  normally  contains 
0-05-0  15  per  cent,  of  sugar,  that  of  diabetics  0-22-0-44  per  cent.  When  the 
percentage  of  sugar  is  artificially  increased  to  0-3  per  cent.,  sugar  passes  into  the 
urine.  In  diabetes  mellitus,  grape-sugar  also  appears  in  the  urine,  but  this  is 
really  a  serious  disease,  involving  the  alteration  of  many  tissues,  and  distinguished 
by  profound  disturbance  of  the  whole  metabolic  activity,  which  leads  to  numerous 
pathological  changes  and  often  to  death.  The  appearance  of  grape-sugar  in  urine 
does  not  necessarily  mean  that  a  person  is  suffering  from  this  disease.  The 
abnormal  increase  of  sugar  in  the  blood  is  the  cause  of  the  appearance  of  sugar  in 
the  urine.  The  increase  of  sugar  in  the  blood  in  diabetics  seems  to  be  due  to  the 
diminution  in  the  amount  of  sugar  decomposed.] 

Temporary  Glycosuria.— The  formation  of  large  quantities  of  grape-sugar  by 
the  liver,  and  its  passage  into  the  blood,  and  from  the  blood  into  the  urine,  con- 
stitute glycosuria.  Extirpation  of  the  liver  in  frogs,  or  destruction  of  the  hepatic 
cells,  as  by  fatty  degeneration  from  poisoning  with  phosphorus  or  arsenic,  does  not 
cause  this  condition.  It  occurs  after  the  injury  of  a  certain  part— the  centre  for 
the  hepatic  vaso-motor  nerves,  "diabetic  centre  "—of  the /oor  of  the  loiver  jmrt  of 
the  fourth  ventricle  at  the  level  of  the  origin  of  the  vagi  {CI.  Bernard's  "piqure  "). 
[The  animal  must  be  well  fed  previously,  and  the  urine  in  a  few  hours  will  not 
only  be  increased  in  quantity,  but  contain  sugar.  The  amount  of  sugar  reaches  a 
maximum  and  then  declines  ;  the  urine  becomes  non-saccharine  in  a  day  or  two,  so 
that  the  glycosuria  is  only  temporary.  In  a  starved  animal  the  urine  will  contain 
little  or  no  grape-sugar.  Glycosuria  also  occurs  after  section  of  the  vagi,  so  that  the 
vagi  are  not  the  channels  through  which  the  influences  are  conveyed  to  the  liver 
to  excite  glycosuria.  The  piqure  is  effective  even  after  section  of  the  vagi.]  It  also 
occurs  after  section  of  the  vaso-motor  channels  in  the  spinal  cord,  from  above  down, 
as  far  as  the  exit  of  the  nerves  for  the  liver,  viz.,  to  the  lumbar  region,  and  in  the 
frog  to  the  fourth  vertebra  (Schiff).  When  the  vaso-motor  nerves,  which  proceed' 
from  this  centre  to  the  liver,  are  cut  or  paralysed  in  any  part  of  their  course,  melh- 
turia  or  glycosuria  is  produced.  All  the  nerve-channels  do  not  run  through  the 
spinal  cord  alone.  A  number  of  vaso-motor  nerves  leave  the  spinal  cord  higher  up, 
pass  into  the  sympathetic,  and  thus  reach  the  liver  ;  so  that  destruction  of  the 
superior  (Pavij),  as  well  as  of  the  inferior  cervical  sympathetic  ganglion,  and 
the  first  thoracic  ganglion  (Eckhard),  the  abdominal  gangUa,  and  often  of  the 
splanchnic  itself,  produces  it.  The  paralysis  of  the  blood-vessels  causes  the  liver 
to  contain  much  blood,  and  the  intrahepatic  blood-stream  is  slowed.  The  disturb- 
ance of  the  circulation  causes  a  great  accumulation  of  sugar  in  the  liver,  as  the 
blood-ferment  has  time  to  act  upon  the  glycogen  and  transform  it  into  sugar.  By 
stimulation  of  the  sympathetic  at  the  lowest  cervical  and  first  thoracic  ganghon,  the 
hepatic  vessels  at  the  periphery  of  the  liver-lobules  become  contracted  and  pale 
(Cijon).  It  is  remarkable  that  glycosuria  when  present  may  be  set  aside  by  section 
of  the  splanchnic  nerves.  This  is  explained  by  supposing  that  the  enormous  dilata- 
tion and  congestion,  or  the  hypersemia  of  the  abdominal  blood-vessels  thereby  pro- 
duced, renders  the  liver  anaemic.    The  vascularity  of  the  liver  produced  by  the 
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injury  to  the  fourth  ventricle  may  be  due,  not  to  paralysis  of  vaso-constrictor  nerves, 
but  to  stimulation  of  vaso-dilator  fibres.    This,  however,  has  not  been  proved. 

[As  to  the  path  of  the  nervous  impulses  from  the  medulla  ol)longata  to  the 
liver  there  is  great  uncertainty.  As  already  stated,  they  do  not  pass  through  the 
vagi.  They  certainly  pass  down  the  cervical  spinal  cord,  then  leave  the  cord  to  pass 
into  the  sympathetic.  Cyon  stated  that  they  enter  the  lowest  cervical  ganglion,  and 
pass  through  the  annulus  of  Vieussens  to  thefirst  dorsal  ganglion  and  then  through 
the  sympathetic  to  the  coeliac  plexus,  and  by  the  hepatic  plexus  to  the  liver.  As 
we  have  seen,  section  of  certain  of  these  nerves  produces  diabetes,  but  section  of 
the  splanchnic  nerve  does  not  always  do  so,  although  it  gives  rise  to  vaso-motor 
paralysis  of  the  hepatic  vessels.  It  is  to  be  remembered,  however,  that  section  of 
the  splanchnics  paralyses  the  abdominal  blood-vessels,  and  it  may  be  that  the  great 
amount  of  vaso-motor  paralysis  thereby  produced  interferes  with  the  velocity  of  the 
blood-stream  through  the  liver.  It  is  also  to  be  remembered  that  the  vaso-motor 
theory  of  glycosuria  is  by  no  means  proved.  The  supposition  that  the  nerves  act 
directly  on  the  hepatic  cell  protoplasm  is  by  no  means  excluded.] 

[Reflex  Production  of  Glycosuria, — Continued  stimulation  of  peripheral  nerves  may  act 
reflexhj  upon  the  centre  for  the  vaso-motor  nerves  of  the  liver.  Diabetes  has  been  observed  to 
occur  after  stimulation  of  the  central  end  of  the  vagus  [CI.  Bernard),  and  also  after  stimula- 
tion of  the  central  end  of  the  de})ressor  nerve  (FUehne).  [Neuritis  of  the  vagus,  produced  by 
injection  of  lycopodium  or  croton  oil,  into  the  nerve  trunk  or  by  the  action  of  a  ligature  is 
followed  by  glycosuria,  which  may  last  with  intermissions  for  a  month  (Arthaud  and  Butte).} 
Even  section  and  subsequent  stimulation  of  the  central  end  of  the  sciatic  nerve  causes  diabetes. 
Tliis  may  explain  the  occurrence  of  diabetes  in  people  who  sutler  from  sciatica.  [It  may  occur 
also  after  perverted  nervous  activity,  as  psychical  excitement,  neuralgias  (sciatica,  trigeminal  or 
occipital),  concussion  of  the  brain,  as  well  as  after  certain  injuries  to  the  skull  and  vertebral 
column  and  some  cerebral  diseases.] 

Other  Causes  of  Glycosuria. — According  to  Schiff,  the  stagnation  of  blood  in  other  vascular 
regions  of  the  body  may  cause  the  ferment  to  accumulate  in  the  blood  to  such  an  extent  that  diabetes 
occurs.  The  glycosuria  that  occurs  after  compression  of  the  aorta  or  portal  vein  may  perhaps  be 
ascribed  to  this  cause,  but  perhaps  the  pressure  caused  by  these  procedures  may  paralyse  certain 
nerves.  According  to  Eckhard,  injury  to  the  vermiform  process  of  the  cerebellum  of  the  rabbit 
causes  diabetes,  [and  so  does  injury  to  the  cerebral  peduncles  and  pons  Varolii].  In  man,  affec- 
tions of  the  above-named  nervous  regions  cause  diabetes.  [Complete  extirpation  of  the  pancreas 
in  dogs  causes  glycosuria  (v.  Mering).] 

[In  most  individuals  the  use  of  a  large  quantity  of  sugar  in  the  food  is  not  followed  by  the 
appearance  of  sugar  in  the  urine  ;  but  in  some  exceptional  cases  it  is  often  present,  e.g.,  in 
persons  suffering  from  gastric  catarrh,  especially  if  they  are  gouty.] 

A  number  of  poisons  which  paralyse  the  hepatic  vaso-motor  nerves  produce  diabetes  ;  curare, 
CO,  amy!  nitrite,  ortho-nitro-propionic  acid,  and  methyl-delphinin  [phloridzin  {v.  Mering)]  ; 
less  certainly  morphia,  chloral  hydrate,  HCIST,  and  some  other  drugs  ;  and  some  infectious 
diseases.  But  congestion  of  the  liver  produced  in  other  ways  appears  to  cause  diabetes,  e.g., 
after  mechanical  stimulation  of  the  liver.  To  this  class  belongs  the  injection  of  dilute  saline 
solutions  into  the  blood  {Bock  Hoffmann),  whereby  either  change  in  form  or  the  solution  of  the 
coloured  blood-corpuscles  causes  the  congestion.  The  circumstance  that  repeated  blood-letting 
makes  the  blood  richer  in  sugar  may  perhaps  be  explained  by  the  slowing  of  the  circulation. 

[Curare-poisoning  causes  glycosuria.  This  is  not  due  to  the  artificial  respiration  necessary  to 
keep  curarised  animals  alive.  It  also  occurs  in  frogs,  and  in  these  animals  aeration  of  the 
blood  can  take  place  without  the  respiratory  movements.  Phloridzin  is  a  glucoside,  and  it 
might  be  argued  that  the  sugar  formed  under  its  influence  was  derived  from  the  phloridzin  itself, 
but  the  same  effect  is  produced  by  phloretin,  which  is  not  a  glucoside.] 

[Phloridzin-glycosuria. — Most  of  the  means  Avhich  produce  glycosuria  in  other  animals  fail 
to  do  so  in  birds  ;  even  the  piqure  rarely  produces  it.  This  Thiel  and  Minkowski  attribute 
to  the  intensely  active  oxidation-processes  in  birds.  Phloridzin,  a  glucoside  found  in  the  root 
cortex  of  apple  and  cherry  trees,  causes  glycosuria,  even  after  extirpation  of  the  liver,  which  shows 
that  in  these  cases  there  are  other  causes  at  work  than  obtain  in  the  other  forms  of  glycosuria, 
Phloridzin  makes  animals,  which  are  free  from  carbohydrates,  diabetic.  In  this  case  the  sugar 
must  be  derived  from  proteids  {v.  Mering).  Phloridzin  makes  dogs  diabetic  within  a  few  houre, 
but  after  two  or  three  days  the  glycosuria  disappears,  but  then  the  liver  and  muscles  are  free 
from  glycogen.  The  administration  of  more  phloridzin  causes  still  more  sugar  to  be  excreted. 
This  must  proceed  from  proteid.] 

Theoretical.  —In  order  to  explain  the  more  immediate  cause  of  these  phenomena  several 
hypotheses  have  been  advanced  :  — 
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(a)  The  liver-glycogen  may  be  transformed  unhindered  into  sugar,  as  the  blood  in  its  passage 
through  the  liver  deposits  or  gives  up  the  ferment  to  the  liver-cells.  So  that  the  normal 
function  of  the  vaso-motor  system  of  the  liver,  and  its  centre  in  the  floor  of  the  fourth 
ventricle,  may  be  regarded  as,  in  a  certain  sense,  an  "  inhibitory  system"  for  the  formation  of 
sugar. 

{b)  If  we  assume  that  normally  there  is  continually  a  small  quantity  of  sugar  passing  from 
the  liver  into  the  hepatic  vein,  we  might  explain  the  diabetes  as  due  to  the  disappearance  of 
those  decompositions — diminished  burning-up  of  the  sugar  in  the  blood,  which  are  constantly 
removing  the  sugar  from  the  blood.  In  fact,  diabetic  persons  have  been  found  to  consume  less 
0  and  to  have  an  increased  formation  of  urea. 

Persons  suffering  from  diabetes  require  a  large  amount  of  food  ;  they  suff"er  greatly  from 
thirst,  and  drink  much  fluid.  They  exhibit  signs  of  marked  emaciation,  when  the  loss  of  the 
body  is  greater  than  the  supply.  [In  advanced  diabetes  the  glycogenic  function  of  the  liver  is 
almost  abolished,  as  was  proved  by  removing  with  a  trocar  a  small  part  of  the  liver  from  man, 
when  almost  no  glycogen  was  found  {Elirlicli).  The  absorbed  sugar  in  the  portal  vein  passes 
directly  into  the  general  circulation  without  being  submitted  to  the  action  of  the  liver  {v. 
Frerichs).']  In  severe  cases,  towards  death,  not  unfrequently  a  peculiar  comatose  condition- 
diabetic  coma — occurs,  when  the  breath  often  has  the  odour  of  aceton,  which  is  also  found  in 
the  urine.  But  neither  aceton  nor  its  precursor,  aceto-acetic  acid,  nor  tethyl-diacetic  acid,  nor 
the  unknown  substance,  in  diabetic  urine,  which  gives  the  red  colour  with  ferric  chloride  {v. 
Jaksdi),  is  the  cause  of  the  coma  [Frerichs  and  Bricger). 

[Injection  of  Grape-Sugar  into  the  Blood. — When  grape-sugar  is  injected  into  the  jugular 
vein  of  a  dog,  only  33  per  cent,  at  most  is  given  off"  in  the  urine  ;  within  2  to  5  hours  the 
urine  is  free  from  sugar.  Even  within  a  few  minutes  after  the  injection,  only  a  certain  propor- 
tion {^-\)  of  the  sugar  is  found  in  the  blood  ;  part  of  the  sugar  has  been  detected  in  the  muscles 
liver,  and  kidneys,  but  the  fate  of  the  remainder  is  not  known.  Immediately  after  the  injec- 
tion, the  amount  of  hemoglobin  and  also  of  serum-albumin  is  diminished  (50  per  cent.),  which 
is  due  to  increase  of  the  quantity  of  water  within  the  vessels  ;  but  within  two  hours  the  normal 
state  is  restored  (Brasol).  In  a  curarised  dog  the  injection  of  grape-sugar  into  a  vein  increases 
the  blood-pressure,  but  this  eff'ect  is  not  observed  after  the  injection  of  morphia  and  chloral.] 

176.  THE  FUNCTIONS  OF  THE  LIVER.— [To  understand  the  functions 

of  the  liver,  we  mnst  remember  its  unique  relation  to  the  vascular  and  digestive 
systems,  whereby  many  of  the  products  of  gastric  and  intestinal  digestion  have  to 
traverse  it  before  they  reach  the  blood,  and  some  of  them  as  they  traverse  the 
liver  are  altered.  We  have  still  nmch  to  learn  regarding  the  liver.  It  has  several 
distinct  functions— some  obvious,  others  not.  (1)  The  liver  secretes  bile,  which  is 
formed  by  the  he^Datic  cells,  and  leaves  the  organ  by  the  bile-ducts,  to  pass  into 
the  duodenum.  (2)  The  liver-cells  also  form  glycogen,  which  does  not  pass  into 
the  ducts,  but  in  some  altered  and  diffusible  form  passes  into  the  blood-stream, 
and  leaves  the  liver  by  the  hepatic  veins.  Hence,  the  study  of  the  liver  materially 
influences  our  conception  of  a  secreting  organ.  In  this  case,  we  have  the  products 
of  its  secretory  activity  leaving  it  by  two  different  channels — the  one  by  the  ducts, 
and  the  other  by  the  blood-stream.  The  liver,  therefore,  is  a  great  storehouse  of 
carbohydrates,  and  it  serves  them  out  to  the  economy  as  they  are  required.  It 
prevents  the  blood  from  being  overwhelmed  with  sugar,  and  on  the  other 
hand  it  prevents  a  deficiency  of  this  important  body  in  the  blood  (Bunge).  All 
this  points  to  the  liver  as  being  an  organ  intimately  related  to  the  general 
metabolism  of  the  body.  (3)  In  a  certain  period  of  development  it  is  concerned 
in  the  formation  of  blood-cori3uscles  (§  7).  (4)  It  has  some  relation  to  the 
breaking  up  of  blood-corpuscles  and  the  formation  of  urea  and  other  metaboHc 
products  (§  20,  §  177,  3).  (5)  Some  importance  is  attributed  to  the  liver  in 
connection  with  the  arrest  of  certain  substances  absorbed  from  the  alimentary 
canal,  whereby  they  are  either  destroyed,  stored  up  in  the  liver,  or,  it  may  be, 
prevented  from  entering  the  general  circulation  in  too  large  amount.  It  is  possible 
that  ptomaines  may  be  arrested  in  this  way  (§  166).  [It  converts  the  poisonous 
aromatic  products  of  putrefaction,  e.g.,  phenol,  derived  from  proteids  in  the 
intestine,  into  harmless  compounds  by  conjugation  with  sulphates  (§  262).] 

[The  liver  has  no  special  action  on  certain  mineral  substances  which  traverse  it  in  the  blood, 
e.g.,  potassic  chloride,  but  it  retains  the  vegetable  alkaloids,  provided  they  are  not  present  in 
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too  large  an  amount  in  the  blood.  The  ptomaines  are  similarly  retained  in  the  liver.  The 
liver  is  said  to  possess  this  property  only  as  long  as  it  contains  glycogen  {H.  Hogers).] 

[Heger,  in  his  experiments  on  the  artificial  circulation  of  blood  through  an  excised  liver,  found 
that  blood  to  which  an  alkaloid  (nicotin)  was  added,  after  being  perfused  through  the  liver  lost 
some  of  its  nicotin.  Again,  a  dose  of  nicotin  or  hyoscyamine  that  proves  fatal  when  injected 
subcutaneously,  does  not  do  so  when  it  is  injected  into  a  branch  of  the  portal  vein  {Schiff  and 
Lantenbach).  ] 

177.  CONSTITUENTS  OF  THE  BILE.— [The  bile,  although  it  is  secreted 
continuously,  and  passes  along  the  hepatic  duct  in  most  animals,  is  only  poured  into 
the  intestine  at  certain  times.  In  the  intervals  it  is  carried  along  the  cystic  duct 
and  stored  up  in  the  gall-bladder.  At  certain  times  it  is  poured  out  by  the  common 
bile-duct  into  the  duodenum.] 

[Bile  is  a  yellowish-brown"  or  dark-green  coloured  transparent  fluid,  with  a 
sweetish,  strongly  bitter  taste,  feeble  musk-like  odour,  and  neutral  reaction.  The 
specific  gravity  of  human  bile  from  the  gall-bladder  =  1026  to  1032,  Avhile  that 
from  a  fistula  =  1020  to  1011.    It  contains  no  proteids. 

The  following  table  gives  its  composition  in  difi'erent  animals — 


100  ptirts  Bile  of- 


"Water 
Solids,' 


Bile,  salts,  lecithin 
Cholesterin,  fats 
soaps,  . 

Mucus  and  pigment. 

Inorganic  salts, 


Man. 

0. 

Pig. 

Dog. 
Gall-bladder. 

Fresh 
Secreted. 

86-3 

90-4 

88-8 

85-2 

95-3 

13  7 

9-6 

11-2 

14-8 

4  7 

8-2  ^ 

r  7-3 

12-6 

3-4 

8-0 

2-5  J 

i  2-2 

1-3 

0-5 

2-2 

0-3 

0-6 

0-3 

0-2 

0-8 

1-3 

ri 

0-6 

0-6 

It  contains  — 

(1)  Mucus,  which  gives  bile  its  sticky  character,  and  not  unfrequently  makes 
it  alkaline :  it  is  the  product  of  the  mucous  glands  and  the  goblet-cells  of  the 
mucous  membrane  of  the  larger  bile-ducts.  When  bile  is  exposed  to  the  air,  the 
mucus  causes  it  to  putrefy  rapidly.    It  is  precipitated  by  acetic  acid,  or  alcohol. 

[The  bile  formed  in  the  ultimate  bile-ducts  does  not  seem  to  contain  mucin  or  mucus,  but  bile 
from  the  gall-bladder  always  does,  the  difference  in  composition  of  bile  from  the  gall-bladder  and 
bile  from  the  liver-duct  being  shown  in  the  above  table.  The  bile  in  the  gall-bladder  is  more 
concentrated,  so  that  absorption  of  water  occurs  in  the  gall-bladder.  The  mucus  is  partly  formed 
by  the  mucous  glands  in  the  larger  bile-ducts,  and  partly  by  the  cells  lining  the  gall-bladder 
{§  173).    It  is  not  a  true  mucin,  but  rather  a  nucleo-albumin.] 

(2)  The  Bile-Acids. — Glycocholic  and  taurocholic  acids,  so-called  conjugate- 
acids,  are  united  with  soda  (in  traces  with  potash)  to  form  glycocliolate  and 
taurocholate  of  soda,  which  have  a  bitter  taste,  and  rotate  the  plane  of  polarised 
light  to  the  right.  In  human  bile  (as  well  as  in  that  of  birds,  many  mammals,  and 
amphibians)  taurocholic  acid  is  most  abundant ;  in  other  animals  (pig,  ox)  giyco- 
cholic  acid  is  most  abundant  but  is  absent  in  sucklings. 

(a)  Grlycocholic  acid,  CggH^gNO^,  Avhen  boiled  with  caustic  potash,  or  baryta 
water,  or  with  dilute  mineral  acids,  takes  up  H^O  and  splits  into — 

Grlycin  (  =  Glycocoll  =  Gelatin  Sugar  =  Amido-acetic  acid)  =  C2HgN02. 

+  Cholalic  acid  (also  called  Cholic  acid)   =  C04H jpOg. 

=  Glycocliölic"acid  +  Water        ....        =C26H43N06  + HoO. 

(b)  Taurocholic  acid,  02,511^5^80^,  when  similarly  treated,  takes  up  water  and 
splits  into — 

Tanrin  ( =  AmidoiBthyl-Sulphuric  acid)      =  C2H7NSO3. 
+  Cholalic  acid        .  =C24H4o05. 
=  Taurocholic  acid^Watei\         7      .       .       .       =C.2iti^^'N80ji-B..ß  (Strecker). 
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[Solutions  of  tauroeholic  acid  are  antiseptic,  and  if  sufficiently  strong  interfere  with  tlie  de- 
velopment of  bacteria,  and  prevent  the  alcoholic  and  lactic  fermentations,  as  well  as  the  tryptic 
and  diastatic  action  of  the  pancreas  (Eonich).] 

Preparation  of  the  Bile-Acids. —Evaporate  bile  to  ^  of  its  volume,  rub  it  up  into  a  paste  with 
excess  of  animal  charcoal,  and  dry  at  100°  C.  Extract  the  black  mass  with  absolute  alcohol, 
and  filtei'.  After  a  part  of  the  alcohol  has  been  removed  by  distillation,  the  bile-salts  are  pre- 
cipitated in  a  resinous  form,  and  on  the  addition  of  excess  of  ether,  there  is  formed  immediately  a 
crystalline  mass  of  glancing  needles  (Plattner's  "  crystallised  bile  ").  The  alkaline  salts  of  the 
bile-acids  are  freely  soluble  in  water  or  alcohol,  and  insoluble  in  ether.  Neutral  lead  acetate 
l)recipitates  the  glycocholic  acid — as  lead  glycocholate- — from  the  solution  of  both  salts  ;  the 
precipitate  is  collected  on  a  filter,  dissolved  in  hot  alcohol,  and  the  lead  is  ])recipitated  as  lead 
sulphide  by  H^S  ;  after  removal  of  the  lead  sulphide,  the  addition  of  water  precipitates  the 
isolated  glycocholic  acid.  If,  after  ])recipitating  the  lead  glycocholate,  the  filtrate  be  treated 
with  lasic  lead  acetate,  a  precipitate  of  lead  taurocholate  is  formed,  from  which  the  acid  may 
be  obtained  in  the  same  way  as  described  above  {Strecker). 

With  regard  to  the  decomposition  products  of  the  bile-acids,  glycin,  as  such, 
does  not  occur  in  the  body,  but  only  in  the  bile  in  combination  Avith  cholic  acid, 
in  urine  in  combination  with  benzoic  acid,  as  hippuric  acid,  and  lastly,  in  gelatin 
in  complex  combination.  [The  constitution  of  glycin  is  known.  It  is  the  same 
as  amido-acetic  acid  CH2(NH2)COOH.  In  the  body  it  originates  from  proteid 
{Bunge). ^ 

Cholalic  acid  rotates  the  ray  of  polarised  light  to  the  right,  and  its  chemical 
constitution  is  unknown.  It  is  insoluble  in  water,  soluble  in  alcohol,  but  soluble 
with  difficulty  in  ether,  from  which  it  separates  in  prisms.  Its  crystalline  alkaline 
salts  are  readily  soluble  in  water.  It  is  coloured  blue  by  iodine,  and  occurs  free 
only  in  the  intestine. 

Cholalic  acid  is  replaced  in  the  bile  of  many  animals  by  a  nearly  related  acid,  e.g.,  in  pig's 
bile,  by  hyo-cholalic  acid  {Strecker)  ;  in  the  bile  of  the  goose,  cheno-cholalic  acid  is  present 
{Marsson,  Otto).  [Cholalic  acid  obtained  from  the  bile-acids  of  various  animals  differs  in  its 
composition.  The  formula  of  cholalic  acid  from  human  bile  is  C]8Ho804,  while  that  from  ox 
bile  is  Co4H4oOg]. 

When  cholalic  acid  is  boiled  with  concentrated  HCl,  or  heated  dry  at  200°  C, 
it  becomes  an  anhydride,  thus  : — 

Cholahc  acid       .        =  C04H40O5,  produces 
Choloidinic  acid  .        =Co4H3804  +  H,0,  and  this  again  yields 
Dyslysin     .       .       =C:4H3603+ H,0. 
Choloidinic  acid  is,  however,  not  improbably  a  mixture  of  cholalic  acid  and  dyslysin  ;  dys- 
lysin, when  fused  with  caustic  potash,  is  changed  into  cholalate  of  potash.    By  oxidation 
cholalic  acid  yields  a  tribasic  acid,  as  yet  uninvestigated,  and  a  fair  amount  of  oxalic  acid,  but 
no  fatty  acids  {Cleve). 

[Taurin  is  derived  from  proteids,  as  shown  by  its  composition  and  by  the  sulphur  it  contains.] 

Pettenkofer'S  Test. — The  bile-acids,  cholic  acid,  and  their  anhydrides,  when 
dissolved  in  water,  yield  on  the  addition  of  f  concentrated  sulphuric  acid  (added  in 
drops  so  as  not  to  heat  the  fluid  above  70°  C),  and  several  drops  of  a  10  per  cent, 
solution  of  cane-sugar,  a  reddish-purple  transparent  fluid,  which  shows  two  absorp- 
tion-bands at  E  and  F  {Schenli).  [A  very  good  method  is  to  mix  a  few  drops  of 
the  cane-sugar  solution  with  the  iDile,  and  to  shake  the  mixture  until  a  copious 
froth  is  obtained.  Pour  the  sulphuric  acid  down  the  side  of  the  test-tube,  and  then 
the  characteristic  colour  is  seen  in  the  froth.  Any  albumin  present  must  be  re- 
moved before  applying  the  test.] 

According  to  Drechsel,  it  is  better  to  add  phosphoric  acid,  instead  of  sulphuric  acid,  until  the 
fluid  is  syrupy,  then  add  the  cane-sugar,  and  afterwards  place  the  whole  in  boiling  water. 
When  investigating  the  amount  of  bile-acids  in  a  liquid,  the  albumin  must  be  removed  before- 
hand, as  it  gives  a  reaction  similar  to  the  bile-acids,  but  in  that  case  the  red  fluid  has  only  one 
absorption-band.  If  only  small  quantities  of  bile-acids  are  present,  the  fluid  must  in  the  first 
place  be  concentrated  by  evaporation.  Pettenkofer's  test  depends  on  the  formation  of  furfurol 
from  the  sugar  and  H.^SOj,  furfurol  giving  a  red  with  the  bile-acids  {Mylms).  In  place  of  sugar 
a  1  per  cent,  watery  solution  of  furfurol  may  be  used. 

[Hay's  Test.— The  bile-acids  or  their  soluble  salts  loicer  the  surface-tension  of  fluids  in  which 
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they  are  dissolved.  Throw  a  small  quantity  of  sulphur  (sublimed  or  precipitated)  on  the  surface 
of  the  fluid  containing  bile-acids,  and  if  the  bile-acids  be  present,  the  sulphur  will  at  once  begin 
to  sink,  and  will  be  wholly  precipitated  within  a  few  minutes.    {Privately  communicated.  )\ 

The  bile-acids  are  formed  in  the  liver.    After  its  extirpation,  there  is  no  ac- 
cumulation of  biliary  matters  in  the  blood. 

How  the  formation  of  the  nitrogenous  bile-acids  is  effected  is  quite  unknown.    They  must  be 
obtained  from  the  decomposition  of  albuminous  materials,  and  it  is  important  to  note  that  the ' 
amount  of  bile-acids  is  increased  by  albuminous  food.    Taurin  contains  part  of  the  sulphur  ot 
albumin  ;  bile-salts  contain  4  to  4-6  per  cent.,  which  may  perhaps  be  derived  from  dissolved 
red  blood-corpuscles. 

(3)  The  Bile-Pigments.— The  freshly  secreted  bile  of  man  and  many  animals 
has  a  yellowish-brown  colour,  due  to  the  presence  of  bilirubin.  [In  cases  of  human 
biliary  fistula  Robson  found  that  in  fresh  human  bile  the  pigment  is  biliverdm.J 
When  it  remains  for  a  considerable  time  in  the  gall-bladder,  or  when  alkahne  büe 
is  exposed  to  the  air,  the  bihrubin  absorbs  0,  and  becomes  changed  into  a  green 
pio-ment,  biliverdin.  This  substance  is  present  naturally,  and  is  the  chief  pig- 
ment in 'the  bile  of  herbivora  and  cold-blooded  animals.  [Both  pigments  behave 
like  acids  ;  they  form  soluble  compounds  with  the  potassium  group,  and  insoluble 
ones  with  the  calcium  group  {Bunge).  The  actual  amount  of  colouring  matter  m 
bile  is  always  very  small.] 

Anthen  finds  that  living  hepatic  cells  when  brought  into  contact  with  a  solution 
of  hfemoglobin  outside  the  body  take  up  hsemoglobin,  and  (glycogen  being  present 
in  them)  convert  it  into  a  pigment  closely  related  to  the  bile-pigment. 

The  bile-pigments  are  : —  n-  • 

{a)  Bilirubin  (CggHgeN^Og)  is  perhaps  united  with  an  alkali ;  it  crystallises  m 
transparent  fox-red  clinorhombic  prisms.  It  is  insoluble  in  water,  soluble  m  chloro- 
form, by  which  substance  it  may  be  separated  from  biliverdin,  which  is  insoluble 
in  chloroform.  It  unites  as  a  monobasic  acid  with  alkalies,  and  as  such  is  soluble. 
It  is  identical  with  Yirchow's  hsematoidin  (§  20). 

Preparation.— It  is  most  easily  prepared  from  the  red  (bilirubin-chalk)  gall-stones  of  man  or 
the  ox  The  stones  are  pounded,  and  their  chalk  dissolved  by  hydrochloric  acid  ;  the  pigment 
is  then  extracted  with  chloroform.  That  bilirubin  is  derived  from  hemoglobin  is  very  probable, 
considering  its  identity  with  lifematoidin.  Very  probably  red  blood-corpuscles  are  dissolved  in 
the  liver,  and  their  haemoglobin  changed  into  bilirubin. 

{b)  Biliverdin  (CgoHggl^^Og)  is  an  oxidised  derivative  of  the  former,  from  which 
it  can  be  obtained  by  various  oxidation-processes.  It  is  readily  soluble  in  alcohol, 
very  slightly  so  in  ether,  and  not  at  all  soluble,  in  chloroform.  It  occurs  in  the 
placenta  of  the  bitch.  As  yet  it  has  not  been  retransformed  by  reducing  agents 
into  bilirubin.  . 

Tests  for  Bile-Pigments. — Bilirubin  and  biliverdin  may  occur  m  other  liuids, 
e.g.,  the  urine,  and  are  detected  by  the  Gmelin-Heintz'  reaction.  When  nitric 
acid  containing  some  nitrous  acid  is  added  to  a  liquid  containing  these  pigments,  a 
play  of  colours  is  obtained,  beginning  with  green  (biliverdin),  blue— violet— red, 
ending  with  yellow.  [This  reaction  is  best  done  by  placing  a  drop  of  the  liquid  on  a 
lohite  porcelain  plate,  and  adding  a  drop  of  the  impure  nitric  acid.] 

(c)  If  when  the  blue  colour  is  reached,  the  oxidation  process  is  arrested,  bilicyanin  {Heijnsius, 
CampMl),  in  acid  solution  blue  (in  alkaline  violet),  is  obtained,  which  shows  two  ill-defined 
absorption-bands  near  D  (/(#e).  , 

{d)  Bilifuscin  occurs  in  small  amount  in  decomposuig  bile  and  in  gall-stones  =  bilirubin 

_|_  JJ  Q 

ie)  Biliprasin  {Städler)  also  occurs  =  bilirubin +  H._3  +  0. 

If)  The  yellow  pigment,  which  ultimately  results  from  the  prolonged  action  of  the  oxidising 
reagent,  is  the  choletelin  (CieHigNaOg)  of  Maly  ;  it  is  amorphous,  and  soluble  in  water,  alcohol, 
acids,  and  alkalies.  ^      n         i       i.-     i  i 

[Spectrum  of  Bile.— The  bile  of  carnivorous  animals  is  generally  free  from  absorption- bands, 
except  when  acids  are  added  to  it,  in  which  case  the  band  of  bilirubin  is  levealed.  Bdirubin 
and  biliverdin  yield  characteristic  spectra  only  when  they  are  treated  with  nitric  acid.    I  he 
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bile  of  some  animals  yields  bands,  but  when  this  is  the  case  they  are  due  to  the  presence  of  a 
derivative  of  htematin,  and  MacMunn  calls  this  body  cholohsematin,  which  gives  a  three-  or 
four-banded  spectrum  (ox,  sheep).] 

{(])  Bilirubin  absorbs  H  +  (by  putrefaction,  or  by  the  treatment  of  alkaline 
watery  solutions  with  the  powerfully  reducing  sodium  amalgam),  and  becomes  con- 
verted into  Maly's  hydrobilirubin  (C32H4q¥40^),  which  is  slightly  soluble  in  water, 
and  more  easily  soluble  in  solutions  of  salts,  or  alkalies,  alcohol,  ether,  chloroform, 
and  shows  an  absorption-band  at  6,  F.  This  substance,  which,  according  to  Hammar- 
sten,  occurs  in  normal  bile,  is  a  constant  colouring-matter  of  fseces,  and  was  called 
stercobilin  by  Yaulair  and  Masius,  but  is  identical  with  hydrobilirubin  (Mali/). 
It  is,  however,  probably  identical  with  the  urinary  pigment  urobilin  of  Jaffe  (Stokvis, 
§  20). 

[According  to  MacMunn,  hydro-bilirubin  differs  from  urobilin.  There  is  a  close  resemblance 
between  pathological  bilirubin  and  stercobilin.  The  bile  of  invertebrates  contains  none  of  the 
bile-pigments  present  in  vertebrates,  although  liajmochromogen  is  found  in  the  cray-fish 
and  pulmonate  molluscs.  In  some  organs,  and  in  bile,  a  pigment-like  vegetable  chlorophyll — 
entero-chlorophyll — is  found,  but  whether  it  is  derived  from  without,  or  formed  within  the 
organism,  is  not  certain  {Mac]\hmn).'\ 

[Electrolysis  of  bile. — When  ox-bile  is  electrolysed  in  a  U-tube,  oxidation  of  the  pigment 
takes  place  at  the  positive  electrode,  bilirubin  being  changed  into  biliverdin,  and  with  a  strong 
or  long-continued  current  the  biliverdin  may  in  its  turn  give  place  to  higher  oxidation  products. 
Reversal  of  the  current  will  now  cause  the  process  to  retrace  its  steps,  and  the  bile-pigment  will 
pass  through  bilirubin  to  a  more  reduced  stage  where  the  colour  is  yellow  {Haycraft  and  Scoficld). 
The  spectrum  of  the  bile,  however,  remains  practically  unchanged  amidst  the  play  of  oxidation 
and  reduction.  The  substance  which  causes  the  absorption  bands  does  not  therefore  belong  to 
the  bilirubin  series.  The  changes  produced  in  the  pigment  by  electrolysis  are  not  due  to  the  direct 
action  of  the  current,  but  to  the  action  of  the  products  set  free  at  the  electrodes.  The  bile-salts, 
on  the  other  hand,  are  electrolytes  {G.  N.  Stewart).} 

(4)  Cholesterin,  C.26H44O  -f  HgO,  is  a  monatomic  alcohol  which  rotates  the  ray  of 
polarised  light  to  the  left ;  it  occurs  also  in  blood,  yelk,  nervous  matter  [and  gall- 
stones]. It  forms  transparent  rhombic  plates,  which 
usually  have  a  small  oblong  piece  cut  out  of  the  corner 
(fig.  236).  It  is  insoluble  in  water,  soluble  in  hot 
alcohol,  ether,  or  chloroform.  It  is  kept  in  solution 
in  the  bile  by  the  bile-salts.  [The  quantity  is  consider- 
able.   It  may  reach  2  per  cent.] 

Preparation. — It  is  most  easily  prepared  from  so-called  white 
gall-stones,  which  not  unfrequently  consist  entirely  of  Cholesterin, 
by  extracting  them  with  hot  alcohol  after  they  are  pulverised. 
Crystals  are  excreted  after  evaporation  of  the  alcohol.  Tests. — 
Crystals  of  Cholesterin.  They  give  a  red  colour  with  sulphuric  acid  (5  vol.  to  1  vol.  H2O), 
while  they  give  a  blue — as  cellulose  does — with  sulphuric  acid 
and  iodine.  When  dissolved  in  chloroform,  one  drop  of  concentrated  sulphuric  acid  causes 
a  deep  red  colour  {H.  Schiß).  Moistened  with  an  alcoholic  solution  of  alcohol,  on  adding 
H2SO4,  the  crystals  exhibit  a  green,  blue,  and  red  colouration.  Dissolved  in  glacial  acetic  acid, 
112804  =  red,  and  then  a  blue  colour  {Liebermann). 

(5)  Amongst  the  other  organic  constituents  : — Lecithin  (§  23),  or  its  decomposi- 
tion-product, neurin  (cholin),  and  glycero-phosphoric  acid  (into  which  lecithin  may 
be  artificially  transformed  by  boiling  with  baryta) ;  palmitin,  stearin,  olein,  as 
well  as  their  soda  soaps ;  diastatic  ferment ;  traces  of  urea ;  (in  ox-bile,  acetic 
acid  and  propionic  acid,  united  with  glycerin,  and  metals,  Dogiel). 

(6)  Inorganic  constituents  of  bile  (0-6  to  1  per  cent):—  ' 

They  are — sodic  and  potassic  chloride,  calcic  and  magnesic  phosphate,  and  much  iron,  which 
in  fresh  bile  gives  the  ordinary  reactions  for  iron,  so  that  iron  must  occur  in  one  of  its  oxidised 
compounds  in  bile  ;  manganese  and  silica.  Gases.— Freshly-secreted  bile  contains  in  the  dog 
more  than  50  vol.,  and  in  the  rabbit  109  vol.  per  cent.  COg,  partly  united  to  alkalies,  partly 
absorbed,  the  latter,  however,  being  almost  completely  absorbed  within  the  gall-bladder. 
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THE  SECRETION  OF  BILE. 


The  mean  composition  of  human  bile  is  : — 


Water,       .  .  82  to  90  per  cent. 

Bile-salts,  .  .         6  to  11 

Fats  and  soaps,  .  .  2      , , 

Cholesterin,  .  .  0*4 


Lecithin,  .  .  0 
Mucin  and  pigments,  1  to  3 
Ash,        .       .       .  0- 


0-61 


0*5  per  cent. 


Further,  unchanged  fat  probably  always  passes  into  the  bile,  but  it  is  again  absorbed  there- 
from (Virchoiv).  The  amount  of  S  in  dry  dog's  bile  =  2 '8  to  S'l  per  cent.,  the  N  =  7  to  10  per 
cent.  (Sjnro)  ;  the  sulphur  of  the  bile  is  not  oxidised  into  sulphuric  acid,  but  it  appears  as  a 
sulphur-compound  in  the  urine  {Kunkel,  v.  Voit).  In  biids  deprived  of  their  liver  there  is  no 
formation  of  bile. 

[Comparative. — Dog's  bile  is  bright  yellow  and  contains  taurocholate  only  ;  cat's  bile  has  the 
same  composition  whatever  the  nature  of  the  food.  The  bile  of  the  fox  and  wolf  contains 
traces  of  glycocholate.  In  herbivora  the  bile  is  generally  green  in  colour  and  contains  both 
glycocholate  and  taurocholate  of  soda,  but  that  of  the  slieep  contains  only  traces  of  the 
former.  Pig's  bile  is  turbid,  reddish-brown,  filters  easily,  and  contains  two  special  biliary 
acids— hyoglycocholic  and  hyotaurocholic.  In  the  guinea-pig  it  is  like  amber  in  colour  and 
becomes  green  on  exposure  to  the  air.  Bird's  bile  is  generally  green,  and  so  is  that  of  the 
frog  ;  the  latter  contains  taurocholic  acid.  In  fishes  the  bile  contains  chiefly  taurocholic 
acid.  Ampliioxus  has  no  bile.  The  so-called  biliary  secretion  of  the  invertebrates  does  not 
seem  to  be  true  bile  (Bemmis).] 

178.  SECRETION  OF  BILE.— (1)  The  secretion  of  bile  is  not  a  mere  filtra- 
tion of  substances  already  existing  in  the  blood  of  the  liver,  but  it  is  a  chemical 
production  of  the  characteristic  biliary  constituents,  accompanied  by  oxidation, 
within  the  hepatic  cells,  to  Avliich  the  blood  of  the  gland  only  supplies  the 
raw  material.  The  liver-cells  themselves  undergo  histological  changes  during  the 
process  of  digestion.  It  is  secreted  continually  ;  but  part  is  stored  up  in  the 
gall-bladder,  and  is  poured  out  copiously  during  digestion.  The  higher  temperature 
of  the  blood  of  the  hepatic  vein,  as  well  as  the  large  amount  of  COg  in  the  bile, 
indicates  that  oxidations  occur  within  the  liver.  The  water  of  the  bile  is  not 
merely  filtered  through  the  blood-ca23illaries,  as  the  pressure  within  the  bile-ducts 
[15-17  mm.  Hg.]  may  exceed  that  in  the  portal  vein  [7  mm.  Hg.] 

[Liver  cells  while  still  alive  can  produce  bile  salts  from  a  mixture  of  htemoglobin  and 
glycogen,  a  process  which  is  favoured  by  the  addition  of  soda  or  serum  {Kallmcyer  and  Alex. 
Schmidt).'] 

(2)  The  quantity  of  bile  was  estimated  by  v.  Wittich,  from  a  l3iliary  fistula,  at 
533  cubic  centimetres  in  twenty-four  hours  (some  bile  passed  into  the  intestine)  ; 
by  Westphalen,  at  453  to  566  grms.  [by  Murcliison,  at  40  oz.]  ;  by  Joh.  Kanke,  on  a 
biliary-pulmonary  fistula,  at  652  cubic  centimetres ;  Copeman  and  Winston,  700-800 
c.c.  The  observation  by  Ranke  gives  14  grms.  (with  0*44  grm.  solids)  per  kilo, 
of  man  in  twenty -four  hours.  The  mean  is  1290  c.c.  per  day  in  a  man  weighing 
70  kilos.  [Mayo  Robson  found  in  cases  of  biliary  fistula  an  average  of  30  oz. 
More  is  secreted  during  the  day  than  at  night.] 

Analogous  values  for  animals  are — 1  kilo,  dog,  32  grms.  (1*2  solids)  ;  1  kilo,  rabbit,  137  grms. 
(2  "5  solids)  ;  1  kilo,  guinea-pig,  176  grms.  (5  "2  solids). 

(3)  The  excretion  of  bile  into  the  intestine  shows  two  maxima  during  onepeiiod 
of  diciestion ;  the  first  from  3  to  5  hours,  and  the  second  from  13  to  15  hours, 
after  food.  This  seems  to  be  due  to  simultaneous  reflex  excitement  of  the  hepatic 
blood-vessels,  which  become  greatly  dilated. 

(4)  The  influence  of  food  is  very  marked.  The  largest  amount  is  secreted  after 
a  flesh  diet,  with  some  fat  added,  less  after  vegetable  food ;  a  very  small  amount 
with  a  pure  fat  diet;  it  stops  during  hunger.  [Mayo  Robson  did  not  find  it  to 
be  materially  influenced  by  diet.]  Draughts  of  water  increase  the  amount, 
with  a  corresponding  relative  diminution  of  the  solid  constituents.  [The 
biliary  solids  are  increased  by  food,  reaching  their  maximum  about  one  hour  after 
feeding.] 
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INFLUENCE  OF  BLOOD -SUPPLY  ON  BILE. 


[Sec.  178. 


(5)  The  influence  of  blood-supply  is  variable  : — 

{a)  Secretion  is  greatly  favoured  by  a  copious  and  rapid  blood-supply.  The  blood-pressure  is 
not  the  prime  factor,  as  ligature  of  the  cava  above  the  diaphragm,  whereby  the  greatest 
blood-pressure  occurs  in  the  liver,  arrests  the  secretion.  [It  vi^ould  seem,  as  in  the  case  of  the 
kidney,  that  the  velocity  of  the  blood  has  far  more  to  do  with  it  than  the  blood-pressure.] 

(6)  Simultaneous  ligature  of  the  hepatic  artery  (diameter  5^  mm.)  and  the  portal  vei]i 
(diameter,  16  mm.)  abolishes  the  secretion  {Mhrig).  These  two  vessels  supply  the  raw 
material  for  the  secretion  of  bile. 

(c)  If  the  hepatic  artery  be  ligatured,  the  portal  vein  alone  sustains  the  secretion.  Ligature 
of  the  artery  or  of  one  of  its  branches  ultimately  causes  necrosis  of  the  parts  supplied  by 
that  branch,  and  eventually  of  the  entire  liver,  as  this  artery  is  the  nutrient  vessel  of  the  liver.  5 

{d)  If  the  branch  of  the  portal  vein  to  one  lobe  be  ligatured,  there  is  only  a  slight  secretion 
in  that  lobe,  so  that  the  bile  must  be  formed  from  the  arterial  blood.  Complete  ligature  of 
the  portal  vein  rapidly  causes  death  (§  87).  Neither  ligature  of  the  hepatic  artery  by  itself, 
nor  gradual  obliteration  of  the  portal  vein  by  itself,  causes  cessation  of  the  secretion,  but  it 
is  diminished.  That  sudden  ligature  of  the  portal  vein  causes  cessation  is  due  to  the  fact  that, 
in  addition  to  diminution  of  the  secretion,  the  enormous  stagnation  of  blood  in  the  rootlets 
of  the  portal  vein  in  the  abdominal  organs  makes  the  liver  very  anaemic,  and  thus  prevents 
it  from  secreting. 

(e)  If  the  blood  of  the  hepatic  artery  is  allowed  to  pass  into  the  portal  vein  (which  has  been 
ligatured  on  the  peripheral  side),  secretion  continues  {Schiff). 

(f)  Profuse  lo.^s  of  blood  arrests  the  secretion  of  bile,  before  the  muscular  and  nervous 
apparatus  become  paralysed.  A  more  copious  supply  of  blood  to  other  organs — e.g.,  to  the 
muscles  of  the  trunk — during  vigorous  exercise,  diminishes  the  secretion,  while  the  transfusion 
of  large  quantities  of  blood  increases  it,  but  if  too  high  a  pressure  is  caused  in  the  portal  vein, 
by  introducing  blood  from  the  carotid  of  another  animal,  it  is  diminished. 

(g)  Influence  of  Nerves.— All  conditions  which  cause  contraction  of  the  abdominal  blood- 
vessels, e.g.,  stimulation  of  the  ansa  Vieussenii,  of  the  inferior  cervical  ganglion,  of  the  hepatic 
nerves,  of  the  splanchnics,  of  the  spinal  cord  (either  directly  by  strychnia,  or  reflexly  through 
stimulation  of  sensory  nerves),  affect  the  secretion  ;  and  so  do  all  conditions  which  cause  stagna- 
tion or  congestion  of  the  blood  in  the  hepatic  vessels  (section  of  the  splanchnic  nerves,  diabetic 
puncture,  §  175),  section  of  the  cervical  spinal  cord.  Paralysis  (ligature)  of  the  hepatic  nerves 
causes  at  first  an  increase  of  the  biliary  secretion.  [Stimulation  of  the  nerves  around  the  hepatic 
artery  causes  at  first  an  acceleration,  and  afterwards  slowing  of  the  secretion.  Section  of  these 
nerves  causes  a  decided  acceleration.  Doubtless  these  results  are  due  to  variations  in  the 
calibre  of  the  vessels  and  bile-ducts.] 

{h)  Portal  and  Hepatic  Veins.— With  regard  to  the  raw  material  supplied  to  the  liver  by  its 
blood-vessels,  it  is  important  to  note  the  diHerence  in  the  composition  of  the  blood  of  the 
hepatic  and  portal  veins.  The  blood  of  the  hepatic  vein  contains  more  sugar,  lecithin, 
Cholesterin  (?),  {Drosdoff),  and  blood-corpuscles,  but  less  albumin,  fibrin,  heemoglobin,  fat, 
water,  and  salts.] 

[(i)  Uffelmann  observed  that  the  flow  of  bile  from  a  person  with  a  biliary  fistula  was  arrested 
during  fever.] 

(6)  The  formation  of  bile  is  largely  dependent  upon  the  decomposition  of  red 

blood-corpuscles,  as  they  supply  the  material  necessary  for  the  formation  of  some 
of  its  constituents. 

Hence,  all  conditions  which  cause  solution  of  the  coloured  blood-corpuscles  are  accompanied 
by  an  increased  formation  of  bile  (§  180). 

[The  specific  constituents  of  bile. — The  bile-acids  and  pigments  are  formed  in 
the  liver.  (1)  These  substances  do  not  exist  in  the  general  blood-stream.  (2)  In 
frogs,  after  removal  of  the  liver,  these  substances  are  not  found  in  the  blood.  (3) 
After  ligature  of  the  bile-ducts,  and  all  the  vessels  passing  to  the  liver  in  pigeons, 
the  biliary  secretion  is  arrested,  but  even  after  twenty-four  hours  none  of  the 
specific  biliary  constituents  were  found  in  the  tissues  or  blood.  ISTo  bile  pigments 
were  found  in  the  blood-serum  (Stern).  Had  the  bile  constituents  been  formed 
outside  the  liver,  they  would  have  accumulated  in  the  blood  and  tissues.  After 
ligature  of  the  bile-ducts  only  in  pigeons,  biliary  pigment  is  found  in  the  blood  and 
urine.    The  same  is  true  of  biliary  acids  as  proved  by  Fleischt  (p.  332).] 

[As  to  the  sources  of  the  specific  biliary  constituents,  the  glycocol  and  taurin  of  the 
bile-acids,  containing  as  they  do  nitrogen,  must  be  derived  from  a  proteid  molecule, 
but  cholalic  acid — an  acid  free  from  X — does  not  necessarily  arise  from  proteids.] 
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BILIARY  FISTULA. 


[That  the  bile-pigments  are  formed  from  hsemoglolnn  resulting  from  the  breaking 
up  of  hsemoglobin  is  believed  from  the  following  considerations: — (1)  In  old  apoplectic 
clots — heematoidin— a  body  nearly  identical  with  bilirubin  is  found  (§  20). 
There  is  a  genetic  relation  between  bile-pigments  and  hsematin  :— 

Hsematin,  C.^2^^2^ß^'Fe. 
Bilirubin,  C32H3(.N40ß. 
BiHverdin,  CgaHgßN^Og. 
(2)  Substances  Avhich  cause  solution  of  the  blood-corpuscles  within  the  vascular 
system  increase  the  quantity  of  bile-pigments,  e.g.,  the  intra-venous  injection  of 
water,  bile-salts,  hsemoglobin.    (3)  Moreover,  the  bile  contains  iron  in  the  form 
of  a  phosphate,  and  the  iron  is  perhaps  obtained  from  the  iron  of  the  decomposed 
Hb.    (4)  Bile-pigments  are  only  found  in  the  vertebrata, — that  is,  in  those  animals 
whose   blood   contains   haemoglobin.      They   do    not   occur   in  invertebrata. 
Aiiiphioxus,  which  has  no  red  blood-corpuscles,  forms  no  bile-pigments.] 

(7)  Of  course  a  normal  conditioii  of  the  hepatic  cells  is  required  for  a  normal 
secretion  of  bile. 

[(8)  Age.— The  age  of  the  individual  does  not  appear  to  influence  greatly  its  composition  nor 
does  sex  influence  it.] 

Biliary  Fistulse.— The  mechanism  of  the  biliary  secretion  is  studied  in  animals  by  means  of 
biliary  tistul«.  Schwann  made  a  permanent  biliary  fistula.  He  opened  the  belly  by  a  vertical 
incision  a  little  to  the  right  of  the  ensiform 
process,  cut  into  the  fundus  of  the  gall-bladder, 
and  sewed  its  margins  to  the  edges  of  the 
wound  in  the  abdomen,  and  afterwards  intro- 
duced a  cannula  into  the  wound  (fig.  237). 
To  secure  that  all  the  bile  is  discharged  exter- 
nally, tie  the  common  bile-duct  in  two  places 
and  divide  it  between  the  two  ligatures. 
After  a  fistula  is  freshly  made  the  secretion 
falls.  This  depends  upon  the  removal  of  the 
bile  from  the  body.  If  bile  be  supplied,  the 
secretion  is  increased.  Regeneration  of  the 
divided  bile-duct  may  occur  in  dogs.  V. 
Wittich  observed  a  biliary  fistula  in  man.  [A 
temporary  biliary  fistula  may  also  be  macle.  ^ig.  237. 

The  abdomen  is  opened  in  the  same  way  as 

described  above.    A  long  bent  glass  cannula  Schwann's  permanent  fistula,  and  a  temporary 
is  introduced  and  tied  into  the  common  bile-      fistiila.     Abd,  abdominal  wall;  G.B.,  gall- 
duct,  and  the  cystic  duct  is  ligatured  or      bladder;  INT.,  intestine;  T.,  tube  in  teni- 
clainped  (fig.  237).    The  tube  is  brought  out      porary  fistula  {Stirling). 
through  the  wound  in  the  abdomen.] 

[Influence  of  the  Liver  on  Metabolism. — If  the  liver  be  excluded  from  the  circulation,  im- 
portant changes  must  necessarily  occur  in  the  metabolism.  In  birds  (goose)  there  is  an 
anastomosis  between  the  portal  system  of  the  liver  and  that  of  the  kidneys,  so  that,  when  the 
portal  circulation  is  interrupted  in  these  animals,  there  is  never  any  great  congestion  in  the 
abdominal  organs.  The  goose  dies  generally  eight  to  ten  hours  after  the  operation.  The  uric 
acid  in  the  urine  rapidly  falls  to  a  minimum  (-^V  to  -^V  of  normal)  ;  the  chief  constituent  of  the 
urine  is  then  sarcolactic  acid,  while  in  normal  urine  there  is  none  ;  the  ammonia  is  increased 
(Minkowski).  This  experiment  goes  to  indicate  that  uric  acid  is  formed  in  the  liver.  Dog. — 
If  the  liver  be  excluded  from  the  portal  circulation,  by  connecting  the  portal  vein  with  the 
inferior  vena  cava,  and  ligaturing  the  hepatic  artery,  a  dog  will  live  in  the  former  case  three  to 
six  days,  and  in  the  latter  one  to  two.  The  liver  does  not  undergo  necrosis,  nor  does  bile  cease 
to  be  secreted.  The  liver  is  nourished  by  the  blood  in  the  hepatic  vein,  the  reflux  in  this  vein 
being  probably  caused  by  the  respiratory  movements  {Stolnikoio).  Noel  Paton  finds  that  in  dogs, 
in  a  condition  of  nitrogenous  equilibrium,  some  drugs  Avhich  increase  the  flow  of  bile  {e.g., 
salicylate  and  benzoate  of  soda,  Colchicum,  perchloride  of  mercury,  and  euonymin)  also  increase 
the  production  of  urea  ;  hence,  he  concludes  that  the  formation  of  urea  in  the  liver  bears  a  very 
direct  relationship  to  the  secretion  of  bile  (§  256).] 

179.  EXCRETION  OF  BILE.— [In  this  connection  we  must  keep  in  view 
two  distinct  mechanisms.    (1)  The  bile-secreting  mechanism  dependent  upon 
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EKCRETION  OF  BILE. 


[Sec.  179. 


the  liver-cells,  which  are  always  in  a  greater  or  less  degree  of  activity  ;  (2)  the 
bile-expelling  mechanism,  which  is  specially  active  at  certain  periods  of 
digestion  (§  178).] 

Excretion  of  bile  is  due  to  (1)  the  continual  pressure  of  the  newly-formed  bile 
within  the  interlobular  bile-ducts  forcing  onward  the  bile  in  the  excretory  ducts. 

(2)  The  interrupted  periodic  compression  of  the  liver  from  above,  by  the 
diaphragm,  at  every  inspiration.  Further,  every  inspiration  assists  the  flow  of 
blood  in  the  hepatic  veins,  and  every  respiratory  increase  of  pressure  within  the 
abdomen  favours  the  current  in  the  portal  vein. 

It  is  probable  that  the  diminution  of  the  secretion  of  bile,  which  occurs  after  bilateral  division 
of  the  vagi,  is  to  be  explained  in  this  way  ;  still  it  is  to  be  remembered,  that  the  vagus  sends 
branches  to  the  hepatic  plexus.  It  is  not  decided  whether  the  biliary  excretion  is  diminished 
after  section  of  the  phrenic  nerves  and  paralysis  of  the  abdominal  muscles. 

(3)  The  contraction  of  the  smooth  muscles  of  the  larger  Ijile-ducts  and  the  gall- 
bladder. Stimulation  of  the  sjDinal  cord,  from  which  the  motor  nerves  for  these 
structures  pass,  causes  acceleration  of  the  outflow,  which  is  afterwards  followed  by 
a  diminished  outflow.  Under  normal  conditions,  this  stimulation  seems  to  occur 
reflexly,  and  is  caused  by  the  passage  of  the  ingesta  into  the  duodenum,  which,  at 
the  same  time,  excite  movement  of  this  part  of  the  intestine. 

(4)  Direct  stimulation  of  the  liver,  and  reflex  stimulation  of  the  spinal  cord, 
diminish  the  excretion ;  while  extirpation  of  the  hepatic  jdIcxus  and  injury  to  the 
floor  of  the  fourth  ventricle  do  not  exert  any  disturbing  influence. 

(5)  A  relatively  small  amount  of  resistance  causes  bile  to  stagnate  m  the  bile- 
ducts. 

Secretion  Pressure.— A  manometer,  tied  into  the  gall-bladder  of  a  guinea-])ig,  supports  a 
column  of  200  millimetres  of  tvatei'  or  15  mm.  Hg  ;  and  secretion  can  take  place  under  this 
pressure.  If  this  pressure  be  increased,  or  too  long  sustained,  the  watery  bile  passes  from  the 
liver  into  the  blood,  even  to  the  amount  of  four  times  the  weight  of  the  liver,  thus  causing 
solution  of  the  red  blood-corpuscles  by  the  absorbed  bile  ;  and  very  soon  thereafter  hemoglobin 
appears  in  the  urine.  [This  fact  is  of  practical  importance,  as  duodenitis  may  give  rise  to 
symptoms  of  jaundice,  the  resistance  of  the  inflamed  mucous  membrane  being  sufficient  to 
arrest  the  outflow  of  bile.] 

Passage  of  Substances  into  the  Bile. — Some  substances  which  enter  the  blood  pass  into 
the  bile;  especially  the  metals,  copper,  arsenic,  iron,  &c. ;  potassium  iodide,  bromide,  and 
sulphocyanide,  and  turpentine  [the  latter  gives  it  an  odour  of  violets]  ;  to  a  less  degree,  cane- 
sugar  and  grape-sugar  ;  sodium  salicylate,  and  carbolic  acid.  If  a  large  amount  of  water  be 
injected  into  the  blood,  the  bile  becomes  albuminous  ;  mercuric  and  mercurous  chlorides  cause 
an  increase  of  the  water  of  the  bile.  Sugar  has  been  found  in  the  bile  in  diabetes  ;  leucin  and 
tyrosiu  in  typhus,  lactic  acid  and  albumin  in  other  pathological  conditions  of  this  fluid. 

180.  REABSORPTION  OF  BILE  ;  JAUNDICE.— I.  Absorption-Jaundice. —When  resist- 
ance is  offered  to  the  outflow  of  bile  into  the  intestine,  e.g.,  by  a  plug  of  mucus,  or  a  gall-stone 
which  occludes  the  bile-duct,  or  where  a  tumour  or  pressure  from  without  makes  it  impervious 
— the  bile-ducts  become  fflled  with  bile  and  cause  an  enlargement  of  the  liver  [and  may  give 
rise  to  obstructive,  mechanical,  or  hepatogenous  jaundice.]  The  pressure  within  the  bile-ducts 
is  increased.  As  soon  as  the  pressure  has  reached  a  certain  amount,  which  it  soon  does  when 
the  bile-duct  is  occluded  (in  the  dog  275  mm.  of  a  column  of  bile),  reabsorption  of  bile  from 
the  distended  larger  bile-ducts  takes  place  into  the  lymphatics  (not  the  blood-vessels)  of  the 
liver,  the  bile-acids  pass  into  the  lymphatics  of  the  liver.  [The  lymphatics  can  be  seen  at 
the  portal  fissui'e  filled  with  yellow-coloured  lymph.]  The  lymph  passes  into  the  thoracic 
duct,  and  so  into  the  blood  (Fleischl).  Even  when  the  })ressure  is  very  low  within  the  portal 
vein,  bile  may  pass  into  the  blood  without  any  obstruction  to  the  bile-duct  being  present. 
This  is  the  case  in  Icterus  neonatorum,  as  after  ligature  of  the  umbilical  cord  no  more  blood 
passes  through  the  umbilical  vein  ;  further,  in  the  icterus  of  hunger,  "hunger-jaundice,"  as 
the  portal  vein  is  relatively  empty,  owing  to  the  feeble  absorption  from  the  intestinal  canal 
{CI.  Bernard).  [Jaimdice  is  readily  produced  by  inhalation  of  arseniuretted  hydrogen  or 
the  administiation  of  toluylendiamin.] 

II.  CholEemia  may  also  occur,  owing  to  the  excessive  production  of  bile  (hypercholia),  the 
bile  not  being  all  excreted  into  the  intestine,  so  that  part  of  it  is  reabsorbed.  This  takes  place 
when  there  is  solution  of  a  great  number  of  blood-corpuscles  (§  178,  6),  which  yield  material  for 
the  formation  of  bile.    Thick  inspissated  bile  accumulates  in  the  bile-ducts,  so  that  stagnation, 
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with  subsequent  reabsorption  of  the  bile,  takes  place.  The  transfusion  of  heterogeneous  blood 
obtained  by  dissolving  coloured  blood-corpuscles  acts  in  this  direction.  Icterus  is  a  common 
phenomenon  after  too  copious  transfusion  of  the  same  blood.  The  blood-corpuscles  are  dissolved 
by  the  injection  into  the  blood  of  heterogeneous  blood-serum,  by  the  injection  of  bile-acids  into 
the  vessels,  and  by  other  salts,  by  phosphoric  acid,  water,  chloral,  inhalation  of  chloroform 
and  ether  ;  the  injection  of  dissolved  htemoglobiu  into  the  arteries  or  into  a  loop  of  the  small 
intestine  acts  in  the  same  way. 

Icterus  Neonatorum.— When,  owing  to  compression  of  the  placenta  within  the  uterus,  too 
much  blood  is  forced  into  the  blood-vessels  of  the  newly-born  infant,  a  part  of  the  surplus 
blood  during  the  first  few  days  becomes  dissolved,  and  part  of  the  hsemoglobin  is  converted  into 
bilirubin,  thus  causing  jaundice  (FiVcAoif,  Violet). 

Absorption- Jaundice. — When  the  jaundice  is  caused  by  the  absorption  of  bile 
already  formed  in  the  liver,  it  is  called  hepatogenic  or  absorption-jaundice.  The 
following  are  the  symptoms  : — ■ 

(1)  Bile-pigments  and  bile-acids  pass  into  the  tissues  of  the  body  ;  hence,  the  most  pro- 
nounced external  symptom  is  the  yellowish  tint  or  jaundice.  The  skin  and  the  sclerotic 
become  deeply  coloured  yellow.    In  pregnancy  the  foetus  is  also  tinged. 

(2)  Bile-pigments  and  bile-acids  pass  into  the  urine  (not  into  the  saliva,  tears,  or  mucus), 
(§  177).  When  there  is  much  bile-pigment,  the  urine  is  coloured  a  deep  yellowish-brown,  and 
its  froth  is  citron-yellow  ;  while  strips  of  gelatin  or  paper  dipped  into  it  also  become  coloured. 
Occasionally  bilirubin  (=  hjematoidin)  crystals  occur  in  the  mine  (§  266). 

(3)  The  faeces  are  "  clmj  coloured  "  (because  the  hydrobilirubin  of  the  bile  is  absent  from  the 
faecal  matter)  —  very  hard  (because  the  fluid  of  the  bile  does  not  pass  into  the  intestine)  ; 
contain  much,  fat  {in  globules  and  crystals),  because  the  fat  is  not  sufficiently  digested  in  the 
intestine  without  bile,  so  that  78  per  cent,  of  the  fat  taken  with  the  food  reappears  in  the  ffBces 
{v.  Voit)  •,  they  have  a  very  disagreeable  odour,  perhaps  because  the  bile  normally  limits  the 
putrefaction  in  the  intestine.  [V.  Voit  finds  that  putrefaction  does  not  take  place  if  fats  be 
withheld  from  the  food  (p.  335).]  The  evacuation  of  the  fmces  occurs  slowly,  partly  owing  to  the 
hardness  of  the  faeces,  partly  because  of  the  absence  of  the  peristaltic  movements  of  the  intestine, 
owing  to  the  want  of  the  stimulating  action  of  the  bile. 

(4)  The  heart-bets  are  greatly  diminished,  e.g.,  to  40  per  minute.  This  is  due  to  the 
action  of  the  bile-salts,  which  at  first  stimulate  the  cardiac  ganglia,  and  then  weaken  them. 
Bile-salts  injected  into  the  heart  produce  at  first  a  temporary  acceleration  of  the  pulse,  and  after- 
wards slowing  {Röhrig).  The  same  occurs  when  they  are  injected  into  the  blood,  but  in  this 
case  the  stage  of  excitement  is  very  short.  The  phenomenon  is  not  aifected  by  section  of  the 
vagi.  It  is  probable,  that  when  the  action  of  the  bile-salts  is  long  continued,  they  act  upon  the 
heart-muscle.  In  addition  to  the  action  on  the  heart,  there  is  slowing  of  the  respiration  and 
diminution  of  temperature. 

(5)  That  the  nervous  system,  and  perhaps  also  the  muscles,  are  aff"ected,  either  by  the  bile- 
salts  or  by  the  accumulation  of  Cholesterin  in  the  blood,  is  shown  by  the  very  general  relaxa- 
tion, sensation  of  fatigue,  weakness,  drowsiness,  and  lastly  deep  coma — sometimes  there  is 
sleeplessness,  itchiness  of  the  skin,  even  mania,  and  spasms.  Löwit,  after  injecting  bile  into 
animals,  observed  phenomena  referable  to  stimulation  of  the  respiratory,  cardio-inhibitory, 
and  vaso-motor  nerve-centres. 

(6)  In  very  pronounced  jaundice  there  may  be  ^'yellotv  vision,"  owing  to  the  impregnation  of 
the  retina  and  macula  lutea  with  the  bile-pigment. 

(7)  The  bile-acids  in  the  blood  dissolve  the  red  blood-corpuscles.  The  haemoglobin  is 
changed  into  new  bile-pigment,  and  the  globulin-like  body  of  the  haemoglobin  may  form 
urinary  cylinders  or  casts  in  the  urinary  tubules,  which  are  ultimately  washed  out  of  the  tubules 
by  the  urine. 

[Influence  of  Drugs  on  the  Secretion  of  Bile. — On  animals  one  may  make  either  a  permanent 
or  a  temporary  fistula  (p.  331).  The  latter  is  the  more  satisfactory  method,  and  the  experi- 
ments are  usually  made  on  fasting  curarised  dogs.  A  suitable  cannula  is  introduced  into  the 
common  bile-duct  (fig.  237),  the  animal  is  curarised,  artificial  respiration  being  kept  up,  while 
the  drug  is  injected  into  the  stomach  or  intestine.  Röhrig  used  this  method,  which  was 
improved  by  Rutherford  and  Vignal.  Röhrig  found  that  some  purgatives— croton  oil,  colocynth, 
jalap,  aloes,  rhubarb,  senna,  and  other  substances  — increased  the  secretion  of  bile.  Rutherford 
and  Vignal  investigated  the  action  of  a  large  number  of  drugs  on  the  bile-secreting  mechanism. 
They  found  that  croton  oil  is  a  feeble  hepatic  stimulant,  while  podophyllin,  aloes,  Colchicum, 
euonymin,  iridin,  sanguinariii,  ipecacuan,  colocynth,  sodium  phosphate,  phytolaccin,  sodium 
benzoate,  sodium  salicylate,  dilute  nitro-hydrochloric  acid,  ammonium  phosphate,  mercuric 
chloride  (corrosive  sublimate),  are  all  powerful,  or  very  considerable,  hepatic  stimulants.  Some 
substances  stimulate  the  intestinal  glands,  but  not  the  liver,  e.g.,  magnesium  sulphate,  castor 
oil,  gamboge,  ammonium,  chloride,  manganese  sulphate,  calomel.  Other  substances  stimulate 
the  liver  as  well  as  the  intestinal  glands,  although  not  to  the  same  extent,  e.g.,  scammony 
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(powerful  iutestiual,  feeble  hepatic  stimulant)  ;  colocynth  excites  both  powerfully  ;  jalap, 
sodium  sulphate,  and  baptisin,  act  with  considerable  power  both  on  the  liver  and  the  intestinal 
glands.  Calabar  bean  stimulates  the  liver,  and  the  increased  secretion  caused  thereby  may  be 
reduced  by  sulphate  of  atropin,  although  the  latter  drug,  when  given  alone,  does  not  notably 
affect  the  secretion  of  bile.  Tiie  injection  of  water  or  bile  slightly  increases  the  secretion.  _  In 
all  cases  where  purgation  was  produced  by  purely  intestinal  stimulants,  such  as  magnesium 
sulphate,  gamboge,  and  castor  oil,  the  secretion  of  bile  was  diminished.  In  all  such  experi- 
ments it  is  most  important  that  the  temperature  of  the  animal  be  JcejJt  up,  else  the  secretion  of 
bile  diminishes.  Paschkis's  results  on  dogs  differ  considerably  from  those  of  Rutherford.  He 
asserts  that  only  the  bile-acids  (salts)  of  all  the  substances  he  investigated  excite  a  prompt  and 
distinct  cholagogue  action.  Baldi  also  asserts  that  he  has  not  observed  a  decided  increase  of 
the  secretion  following  the  use  of  some  of  the  so-called  cholagogues.] 

[Biliary  fistula?  sometimes  occur  in  man.  The  bile-duct  may  be  completely  blocked  by  gall- 
stones. "Sometimes  the  gall-bladder  is  opened  to  remove  the  gall-stones,  and  occasionally  a 
biliary  fistula  persists,  the  bile  being  wholly  discharged  through  an  opening,  none  reaching  the 
intestine  owing  to  occlusion  of  the  common  bile-duct.  In  a  case  observed  by  Mayo  Robsoii,  he 
found  that  many  so-called  cholagogues,  e.g.,  euonymin,  rhubarb,  podophyllin,  carbonate  of  soda, 
turpentine,  benzoate  of  soda,  seem  rather  to  diminish  than  increase  the  amount  of  bile  excreted; 
iridin  appears  to  increase  the  flow  temporarily  without  augmenting  the  total  quantity  in  24 
hours.] 

[As  yet  we  cannot  say  definitely  whether  or  not  such  substances  as  stimulate  the  secretion 
of  bile  do  so  by  exciting  the  mucous  membrane  of  the  small  intestine  and  thereby  inducing 
reflex  excitement  of  the  liver.  Their  action  does  not  seem  to  be  due  to  increase  of  the  blood- 
stream through  the  liver.  More  probably,  as  Rutherford  suggests,  these  drugs  act  directly  on 
the  hepatic-cells  or  their  nerves.  Acetate  of  lead  directly  depresses  the  biliary  secretion,  while 
some  substances  affect  it  indirectly.] 

[Cholestergemia.  —Flint  ascribes  great  importance  to  the  excretion  of  Cholesterin  by  the  bile, 
with  reference  to  the  metabolism  of  the  nervous  system.  Cholesterin,  which  is  a  normal  in- 
gredient of  nervous  tissue,  is  excreted  by  the  bile,  and  if  it  be  retained  in  the  blood  "  choles- 
teraemia,"  with  grave  nervous  symptoms,  is  said  to  occur.  This,  however,  is  problematical, 
and  the  phenomena  described  are  probably  referable  to  the  retention  of  the  bile-acids  in  the 
blood.] 

181.  FUNCTIONS  OF  THE  BILE.— [(1)  Bile  is  concerned  in  tlie  digestion  of 
certain  food-stuffs ; 

(2)  Part  is  absorbed,  a  fact  opposed  to  tlie  view  that  bile  is  entirely  an  excretion. 

(3)  Part  is  excreted.  Perliaps  the  bile  is  largely  excrementitious ;  at  least, 
observations  in  cases  of  biliary  fistula  in  man  have  shown  that  increase  in  body- 
weight  and  good  health  are  quite  consistent  with  the  entire  absence  of  bile  from 
the  intestines  {M.  Rohson).] 

(A)  Bile  plays  a  part  in  the  absorption  of  fats. — [The  presence  of  bile  in  the 
intestine  is  not  absolutely  necessary  for  the  digestion  of  such  an  amount  of  fat  as 
is  capable  of  supporting  life  and  keeping  up  nutrition.] 

(1)  It  emulsionises  neutral  fats,  whereby  the  fatty  granules  pass  more  readily 
through  or  between  the  cylindrical  epithelium  of  the  small  intestine  into  the  lac- 
teals.  It  does  not  decompose  neutral  fats  into  glycerin  and  a  fatty  acid,  as  the 
pancreas  does  (§  170,  III.). 

When,  however,  fatty  acids  are  dissolved  in  the  bile,  the  bile-salts  are  decomposed,  the  bile- 
acids  being  set  free,  while  the  soda  of  the  decomposed  bile-salts  readily  forms  a  soluble  soap 
Avith  the  fatty  acids.  These  soaps  are  soluble  in  the  bile,  and  increase  considerably  the  emulsi- 
fying power  of  this  fluid.  Bile  can  dissolve  fatty  acids  to  form  an  acid  fluid,  which  has  high 
emuTsionising  properties  {Steiner).  Emulsification  is  influenced  by  a  1  per  cent,  solution  of 
NaCl,  or  NaoS04. 

(2)  As  fluid  fat  flows  more  easily  through  capillary  tubes  moistened  with  bile, 
it  is  concluded  that,  when  the  pores  of  the  wall  of  the  small  intestine  are  moistened 
with  bile,  the  fatty  particles  pass  more  easily  through  them. 

(3)  Filtration  of  fat  takes  place  through  a  membrane  moistened  with  bile  pr  bile- 
salts  under  less  pressure  than  when  it  is  moistened  with  water  or  salt  solutions  {v, 
Wistinghausen).  [Groper  has  repeated  v.  Wistinghausen's  experiment,  but  with 
negative  results.] 

(4)  As  bile,  like  a  soKition  of  soap,  has  a  certain  relation  to  watery  solutions,  as 
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well  as  to  fats,  it  permits  diffusion  to  take  place  between  these  two  fluids,  as  the 
membrane  is  moistened  by  both  fluids. 

Bile  is  of  importance  in  the  absorption  of  fats.  This  is  strikingly  illustrated  by  expei  iments 
on  animals,  in  which  the  bile  is  entirely  discharged  externally  through  a  tistula.  Dogs  under 
these  conditions  absorbed  at  most  40  per  cent,  of  the  fat  taken  with  the  food  [60  percent,  being 
given  otf  by  the  fteces,  while  a  normal  dog  absorbs  99  per  cent,  of  the  fat].  Tlie  chyle  of  such 
animals  is  very  poor  in  fat,  is  not  white  but  transparent  ;  the  ffieces,  however,  contain  much  fat, 
and  are  oily  ;  the  animals  have  a  ravenous  appetite  ;  the  tissues  of  the  body  contain  little  fat, 
even  when  the  nutrition  of  the  animals  has  not  been  much  interfered  with.  Persons  suffering 
from  disturbances  of  the  biliary  secretion,  or  from  liver  affections,  ought,  therefore,  to  abstain 
from  fatty  food.  [The  digestion  of  flesh  and  gelatin  is  not  interfered  with  in  dogs  by  the 
removal  of  the  bile  {v.  Voit).  Doss  with  biliary  fistula  can  digest  albumin  and  carbohydrates 
as  completely  as  normal  dogs.  The  putrefactive  smell  of  the  faeces  in  dogs  with  intestinal 
fistula  is  due  to  the  unabsorbed  fat  enclosing  the  proteids,  which  become  decomposed  by  the 
putrefactive  organisms  of  the  intestine  (Bunge).] 

(B)  Fresh  bile  contains  a  diastatic  ferment,  which  transforms  starch  into  sugar, 
and  also  glycogen  into  sugar.  [This  is  a  very  feeble  diastatic  action,  and  is  appar- 
ently not  greater  than  that  possessed  by  some  other  non-digestive  juices  in  the 
body.    Bile  has  no  action  on  albumin.] 

(C)  Bile  excites  contractions  of  the  muscular  coats  of  the  intestine,  and  con- 
tributes thereby  to  absorption.  [In  cases  of  biliary  fistula  in  man  regular  action 
of  the  bowels  may  occur  without  the  presence  of  bile  in  the  intestine.] 

(1)  The  bile-acids  act  as  a  stimulus  to  the  muscles  of  the  villi,  which  contract  from  time  to 
time,  so  that  the  contents  of  the  origins  of  the  lacteals  are  emptied  towards  the  larger  lym- 
phatics, and  the  villi  are  thus  in  a  position  to  absorb  more.  [The  villi  act  like  numerous  small 
pumps,  and  expel  their  contents,  Avhich  are  prevented  from  returning  by  the  presence  of  valves 
in  the  larger  lymphatics.] 

(2)  The  musculature  of  the  intestine  itself  seems  to  be  excited,  perhaps  through  the  agency 
of  the  plexus  myentericus.  In  animals  with  a  biliary  fistula,  and  in  which  the  bile-duct  is 
obstructed,  the  intestinal  peristalsis  is  greatly  diminished,  while  the  salts  of  the  bile-acids 
administered  by  the  mouth  cause  diarrhoea  and  vomiting.  As  contraction  of  the  intestine  aids 
absorption,  bile  is  also  necessary  in  this  way  for  the  absorption  of  the  dissolved  food-stuff's. 

(D)  The  presence  of  bile  seems  to  be  necessary  to  the  vital  activity  of  the  intes- 
tinal epithelium  in  its  suj)posed  function  of  being  concerned  in  the  absorption  of 
fatty  particles  (§  190). 

(E)  Bile  moistens  the  wall  of  the  intestines,  and  gives  to  the  iseces  their  normal 
amount  of  water,  so  that  they  can  be  readily  evacuated.  Animals  with  a  biliary 
fistula,  and  some  individuals  with  obstruction  of  the  bile-ducts,  are  very  costive. 
The  mucus  aids  the  forward  movement  of  the  ingesta  through  the  intestinal  canal. 
Thus,  in  a  certain  sense,  bile  is  a  natural  'purgative. 

(F)  The  bile  diminishes  putrefactive  decomposition  of  the  intestinal  contents, 
especially  with  a  fatty  diet,  §  190.  [Thus,  it  is  an  antiseptic,  although  this  is 
doubted  by  v.  Yoit.  Its  so-called  antiseptic  action  is  quite  unimportant.  Bile 
itself  rapidly  decomposes  outside  the  body.] 

(Gr)  When  the  strongly  acid  contents  of  the  stomach  pass  into  the  duodenum 
the  glycocholic  acid  is  precipitated  by  the  gastric  acid,  and  carries  the  pepsin  wit^i 
it  i^Burkart).  Some  of  the  albumin,  which  has  been  simply  dissolved  (but  not 
peptone  or  propeptone),  is  also  precipitated  by  the  taurocholic  acid  {Maly  and 
Emich).  The  bile-salts  are  decomposed  by  the  acid  of  the  gastric  juice.  When  the 
mixture  is  rendered  alkaline  by  the  pancreatic  juice  and  the  alkali  derived  from  the 
decomposition  of  the  bile-salts,  the  pancreatic  juice  acts  energetically  in  this  alka- 
line medium  {Moleschott). 

[Taurocholic  acid  and  its  soda  salts  precipitate  albumin,  but  not  peptone  ;  glycocholic  acid 
does  not  precipitate  albumin,  so  that  in  the  intestine  the  peptone  is  separated  from  the  albumin 
(and  syntonin),  and  may  therefore  be  more  readily  absorbed,  while  the  precipitate  adhering  to 
the  intestinal  wall  can  be  further  digested  {Maly  and  Emich).  Taurocholic  acid  behaves  in  the 
same  way  towards  gelatin  peptone.] 

Bilious  Vomit. — When  the  bile  passes  into  the  stomach,  as  in  vomiting,  the  acid  of  the  gastric 
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juice  unites  with  the  bases  of  the  bile-salts  ;  sodium  chloride  and  free  bile-acids  are  formed,  and 
the  acid-reaction  is  thereby  somewhat  diminished.  The  bile-acids  cannot  carry  on  gastric 
digestion  ;  the  neutralisation  also  causes  a  precipitation  of  the  pepsin  and  mucin.  As  soon, 
holvever,  as  the  walls  of  the  stomach  secrete  more  acid,  the  pepsin  is  redissolved.  The  bile 
which  passes  into  the  stomach  deranges  gastric  digestion,  by  shrivelling  the  proteids,  which  can 
only  be  peptonised  when  they  are  swollen  up  (p.  297). 

182.  FATE  OF  THE  BILE.— Some  of  the  biliary  constituents  are  completely 
evacuated  with  the  faeces,  while  others  are  reabsorbed  by  the  intestinal  walls.  [A 
considerable  proportion  of  the  bile  is  excreted.] 

(1)  Mucin  passes  unchanged  into  the  faeces. 

(2)  The  bile-pigments  are  reduced,  and  are  partly  excreted  with  the  faeces  as 
hydrobilirubin,  and  partly  as  the  identical  end-product  urobilin  by  the  urine 
(§177,3^). 

From  meconium  hydrobilirubin  is  absent,  while  crystalline  bihrubm  and  biliverdm,  and  an 
unknown  red  oxidation-product  of  them,  are  present  [bile-acids,  even  tanrocholic,  and  small 
traces  of  fatty  acids]  {Zivcifcl),  so  that  it  gives  Gmelin's  reaction.  Hence,  no  reduction— but 
rather  oxidation— processes  occur  in  the  foetal  intestine.  [Composition  of  meconium.— Dary 
o-ives  72-7  per  cent,  water,  23-6  mucus  and  epithelium,  1  per  cent,  fat  and  Cholesterin,  and  3 
percent,  bile-pigments.  Zweifel  gives  7978  per  cent,  water,  and  solids  20-22  per  cent.  It 
does  not  contain  lecithin,  but  so  much  bilirubin  that  Hoppe-Seyler  uses  it  as  a  good  source 
whence  to  obtain  this  pigment.    It  gives  a  spectrum  of  a  body  related  to  urobilin.] 

(3)  Cholesterin  is  given  off  with  the  faeces. 

(4)  The  bile-salts  are  for  the  most  part  reabsorbed  by  the  walls  of  the  jejunum 
and  ileum,  to  be  re-enqDloyed  in  the  animal's  economy.  Tappeiner  found  them  in 
the  chyle  of  the  thoracic  duct — minute  quantities  pass  normally  from  the  blood 
into  the  urine.  Only  a  very  small  amount  of  glycocholic  acid  appears  unchanged 
in  the  fje.ces.  The  taurocholic  acid,  as  far  as  it  is  not  absorbed,  is^  easily  decom- 
posed in  the  intestine,  by  the  putrefactive  processes,  into  cholalic  acid  and  taurin; 
the  former  of  these  is  found  in  the  faeces,  but  the  taurin  at  least  seems  not  to  be 
constantly  present.  Part  of  the  cholalic  acid  is  absorbed,  and  may  unite  in  the 
liver  either  with  glycin  or  taurin  (  Weiss). 

(5)  The  faeces  contain  mere  traces  of  lecithin. 

Impaired  Nutrition.— The  greatest  part  of  the  most  important  biliary  constituents,  the  bile- 
acids,  re-enter  the  blood,  and  thus  is  explained  why  animals  with  a  biliary  fistula,  where 
all  the  bile  is  removed  (without  the  animal  being  allowed  to  lick  the  bile),  rapidly  lose 
weicrht.  This  depends  partly  upon  the  digestion  of  the  fats  being  interfered  with,  and  also 
upon  the  direct  loss  of  the  bile-salts.  If  such  dogs  are  to  maintain  their  weight,  they  must 
eat  twice  as  much  food.  In  such  cases,  carbohydrates  most  beneficially  replace  the  fats.  If 
the  digestive  apparatus  is  otherwise  intact,  the  animals,  on  account  of  their  voracity,  may 
even  increase  in  weight,  but  the  fiesh  and  not  the  fat  is  increased. 

Bile  partly  an  Excretion.— The  fact  that  bile  is  secreted  during  the  foetal 
period,  whilst  none  of  the  other  digestive  fluids  is,  proves  that  it  is  an  excretion. 

The  cholalic  acid  which  is  reabsorbed  by  the  intestinal  walls  passes  into  the  body,  and 
seems  ultimately  to  be  burned  to  form  CO.,  and  H2O.  The  glycin  (with  hippuric  acid)  forms 
urea,  as  the  urea  is  increased  after  the  injection  of  glycin.  The  fate  of  taurin  is  unknown. 
When  lart^e  quantities  are  introduced  into  the  human  stomach,  it  reappears  m  the  urine  as 
tauro-carbamic  acid,  along  with  a  small  quantity  of  unchanged  taurin.  When  injected  siib- 
cutaneously  into  a  rabbit,  nearly  all  of  it  reappears  in  the  urine.  •     ■,     •        •  • 

[Practical.— In  practice  it  is  important  to  remember  that  bile,  once  in  the  intestine,_  is 
liable  to  be  absorbed  unless  it  be  carried  down  the  intestine  ;  hence,  it  is  one  thing  to  give 
a  drucr  which  will  excite  the  secretion  of  the  bile,  i.e.,  a  hepatic  stimulant,  and  another  to 
have  the  bile  so  secreted  expelled.  It  is  wise,  therefore,  to  give  a  drug  which  will  do  both, 
or  at  least  to  combine  a  hepatic  stimulant  with  one  which  will  stimulate  the  musculature  ot 
the  intestine  as  well.  Active  exercise,  whereby  the  diaphragm  is  vigorously  called  into  action 
to  compress  the  liver,  will  aid  in  the  expulsion  of  the  bile  from  the  liver  {Brunton).] 

183.  THE  INTESTINAL  JUICE.— Length  of  Intestine.— The  human  intestine  is  ten  times 
longer  than  the  length  of  the  body,  as  measured  from  the  vertex  to  the  anus.  It  is  longer 
comparatively  than  that  of  the  omnivora.  Its  minimum  length  is  507,  its  maximum  1194 
centimetres  [17  to  35  feet]  ;  its  capacity  is  relatively  greater  in  children  {Beneke)  (§  159).  , 
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The  succus  entericus  is  the  digestive  fluid  secreted  by  the  numerous  ghmds  of 
the  intestinal  mucous  membrane.  The  Largest  amount  is  produced  by  Lieberkühn's 
glands,  while  in  the  duodenum  there  is  added  the  scanty  secretion  of  Brunner's 
glands. 

Brunner's  glands  are  small,  branched,  tubular  glands,  lying  in  the  sub-mucosa  of  the  duo- 
denum. Their  fine  ducts  run  inwards,  pierce  the  mucous  membrane,  and  open  at  the  bases 
of  the  villi  (figs.  214,  238).  The  acini  are  lined  by  cylindrical  cells,  like  those  linins  the 
pyloric  glands.  In  fact,  Brunner's  glands  are 
structurally  and  anatomically  identical  with  the 
pyloric  glands  of  the  stomach.  During  hunger, 
the  cells  are  turbid  and  small,  while  during 
digestion  they  are  large  and  clear.  The  glands  re- 
ceive nerve-fibres  from  Meissner's  plexus  {Drasch). 

I.  The  Secretion  of  Brunner's  Glands. 

— The  granular  contents  of  the  secretory 
cells  of  these  glands,  which  occur  singly 
in  man,  but  form  a  continuous  layer  in  the 
duodenum  of  the  sheej),  besides  ^pvoteids, 
consist  of  mucin  and  a  ferment-suhstance  ^-9 
of  unknown  constitution.  The  watery 
extract  of  the  glands  causes — (1)  Solution 
of  Proteids  at  the  temperature  of  the  body 
(Kroloio).  (2)  It  also  has  a  diastatic 
action.  It  converts  maltose  into  glucose 
{Broron  and  Heron).  It  does  not  appear 
to  act  upon  fats. 

On  account  of  thesmallnessof  these  objects,  such 
experiments  are  only  made  with  great  difficulty, 
and,  therefore,  there  is  a  considerable  uncertainty 
with  regard  to  the  action  of  the  secretion. 


 .    Serous  coat. 


Fig.  238. 

Vertical  section  of  duodenum  (cat)  x  30.  E, 
epithelium  ;  c  and  I,  circular  and  longi- 
tudinal muscular  fibres  ;  L.g,  Lieberkühn's 
glands  ;  B.g,  Brunner's  glands  ;  g,  gang- 
lion cells  :  V,  villi. 


Lieberkühn's  glands  are  simple  tubular 
glands  resembling  the  finger  of  a  glove 
[or  a  test-tube],  which  lie  closely  packed, 
vertically  near  each  other,  in  the  mucous 
membrane  (fig.  239) ;  they  are  most  numerous  in  the  large  intestine,  owing  to  the 
absentie  of  villi  in  this  region.  They  consist  of  a  structureless  menibrana  propria 
hned  by  a  smgie  layer  of  low  cylindrical  epithelium,  between  which  numerous 
goblet-cells  occur,  the  goblet-cells  being  fewer  in  the  small  intestine  and  much 
more  numerous  in  the  large  (fig.  239).  The  glands  of  the  small  intestine  yield  a 
thni  secretion,  while  those  of  the  large  intestine  yield  a  large  amount  of  sticky 
mucus  from  their  goblet-cells  {Klose  and  Heidenhain).  [In  a  vertical  section  of 
the  small  intestine  they  lie  at  the  base  of  the  vilH  (figs.  238,  249).  In  trans- 
verse section  they  are  shown  in  fig.  240.] 

II.  The  Secretion  of  Lieberkühn's  Glands,  from  the  duodenum  onwards,  is  the 
chief  source  of  the  intestinal  juice. 

Intestinal  Fistula.— The  intestinal  juice  is  obtained  by  making  a  Thiry's  Fistula  (1864) 
A  loop  of  the  intestuie  of  a  dog  is  pulled  forward  (fig.  241),  and  a  piece  about  4  inches  in 
length  IS  cut  out,  so  that  the  continuity  of  the  intestinal  tube  is  broken,  but  the  mesentery 
and  Its  blood-vessels  are  not  divided.  One  end  of  this  tube  is  closed,  and  the  other  end  is 
left  open  and  stitched  to  the  abdominal  wall  (fig.  241,  3).  The  two  ends  of  the  intestine, 
trom  which  this  piece  was  taken,  are  brought  together  with  sutures,  so  as  to  establish  the 
continuity  of  the  intestinal  canal  (fig.  241,  2).  The  excised  pieces  of  intestine  yield  a  secretion 
which  is  uncontammated  with  any  other  digestive  secretion.  [Thiry's  method  is  very  unsatis- 
i^nr^i  J'^^f  d  from  the  action  of  the  separated  loop  in  relation  to  medicaments, 
niation  ]  mucous  membrane  becoming  atrophied  from  disuse,  or  injured  by  inflam- 

[Meade  Smith  makes  a  small  opening  in  the  intestine, 


through  which  he  introduces 
22 


two 
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small  collapsed  india-rubber  balls,  one  above  and  the  other  below  the  opening,  which  are  then 
distended  by  inflation  until  they  completely  block  a  certain  length  of  the  intestine.  The  loop 
thus  blocked  off',  having  been  previously  well  washed  out,  is  allowed  to  become  filled  with 
succus,  which  is  secreted  on  the  application  of  various  stimuli.  By  means  of  Bernard's  gastric 
cannula  (§  165)  inserted  into  the  fistula  in  the  loop,  the  secretion  can  be  removed  Avhen  desired.] 
[Vella's  Fistula. —Open  the  belly  of  a  dog,  and  pull  out  a  loop  (30  to  50  ctm.)  [1  to  1^  feet] 
of  small  intestine,  and  ligature  it  ;  divide  it  above  and  below,  and  re-establish  the  continuity  of 


Blood-vessel. 


Fig.  240. 
Transverse  section  of  Lieberklihn's 
follicles. 
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Fig, 

Lieberkühn' 
the 
(dog), 


239. 

,  gland  from 
intestine 


Fig.  241. 

Scheme  of  Thiry's  fistula.  1, 
fistula.    AA'  are  stitched 
Abdominal  wall  {Stirling). 


2,  3,  4,  Vella's 
together  ;  Ahd, 


the  rest  of  the  intestine.  Stitch  both  ends  of  the  loop  of  intestine  into  the  wound  in  the  linea 
alba  (fig.  241,  4),  so  that  there  is  a  loop  of  intestine  supplied  by  its  blood-vessels  and  nerves, 
isolated,  and  with  an  upper  and  lower  aperture.] 

The  intestinal  juice  of  siicli  fistiilse  flows  spontaneously  in  very  small  amount, 
and  is  increased  during  digestion  ;  it  is  increased— especially  its  mucus— by 
mechanical,  chemical,  and  electrical  stimuli;  at  the  same  tune,  the  mucous 
membrane  becomes  red,  so  that  100  centimetres  yield  13  to  18  grams  of  this 
juice  in  a  hour  (Thirij).  The  juice  is  light  yellow,  opalescent,  thin,  strongly 
alkaline;  specific  gravity  1011  ;  evolves  CO^  when  an  acid  is  added;  it  contams 
albumin,  ferments,  and  mucin— especially  the  juice  of  the  large  mtestme.  its 
composition  is— water,  97-59  ;  proteids,  0-80  ;  other  organic  substances  =  0-73  ;  salts, 
0-88  per  cent.;  amongst  these — sodium  carbonate,  0*32  to  0*34  per  cent. 

[The  intestinal  juice  obtained  by  Meade  Smith's  method  contained  onl^j^  0-39  per  cent,  of 
organic  matter,  and  in  this  respect  agreed  closely  with  the  juice  whicli  A 
dividing  the  mesenteric  nerves  of  a  ligatured  loop  of  intestine, 
intestine  is  much  more  viscid  than  that  of  the  small  intestine.] 


Moreau  procured  by 
The  secretion  of  the  large 
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[Very  discordant  results  as  to  the  quantity  and  actions  of  the  intestinal  juice  have  been 
obtained  by  different  observers.  Rohmann,  however,  working  with  a  Vella's  fistula  finds  that 
the  quantity  of  secretion  obtained  depends  on  the  position  of  the  loop  of  intestine  isolated, 
more  fluid  being  obtained  from  the  lower  than  from  the  upper  portion  of  the  gut.  The  fluid  of 
the  upper  portions  yields  much  diastatic  ferment,  that  of  the  lower  only  traces.  Invertin  is 
found  in  the  upper  but  not  in  the  lower  portions.  Demant  collected  some  human  intestinal 
juice,  but  he  found  that  it  had  no  action  on  fibrin,  and  only  a  slight  action  on  boiled  starch.] 

Actions  of  Succus  Entericus. — It  is  most  active  in  the  dog,  and  in  other  animals 
it  is  more  or  less  inactive. 

(1)  It  is  less  diastatic  than  the  saliva  and  the  pancreatic  juice,  but  it  does  not 
form  maltose ;  while  the  juice  of  the  large  intestine  does  not  possess  this  property 
{Eicliliorst). 

(2)  It  converts  maltose  into  grape-sugar.  It  seems,  therefore,  to  continue  the 
diastatic  action  of  saliva  (§  148)  and  pancreatic  juice  (§  170),  which  usually  form 
only  maltose. 

According  to  Bourquelot  this  action  is  due  to  the  intestinal  schizomycetes  and  not  to  the 
intestinal  juice  as  such,  the  saliva,  gastric  juice,  or  invertin.  The  greater  part  of  the  maltose 
appears,  however,  to  be  absorbed  unchanged. 

(3)  Fibrin  is  slowly  (by  the  trypsin  and  pepsin — Kühne)  peptonised  {Thiry, 
Leuhe) ;  less  easily  albumin  {Maslof),  fresh  casein,  flesh  raw  or  cooked,  vegetable 
albumin ;  probably  gelatin  also  is  changed  by  a  special  ferment  into  a  solution 
which  does  not  gelatinise  {Eichlwrst). 

(4)  Fats  are  only  partly  emulsionised  {Schiff),  and  afterwards  decomposed 
{Vella). 

(5)  According  to  CI.  Bernard  invertin  occurs  in  intestinal  juice  (this  ferment 
can  also  be  extracted  from  yeast).  It  causes  cane-sugar  {G-^^c^^^^-^)  to  take  up 
water  ( -h  HgO ),  and  converts  it  into  invert-sugar,  which  is  a  mixture  of  left  rotating 
sugar  (Isevulose,  (C^H^gOg)  and  of  grape-sugar  (dextrose,  CgH^gO^)  (p.  342).  Heat 
seems  to  be  absorbed  during  the  process. 

[Hoppe-Seyler  has  suggested  that  this  ferment  is  not  a  natural  product  of  the  body,  but  is 
introduced  from  without  with  the  food.  Matthew  Hay,  however,  finds  it  to  be  invariably  pre- 
sent in  the  small  intestine  of  the  foetus.] 

[Bunge  suggests  that  as  it  is  doubtful  if  it  has  any  digestive  action  on  food,' that  its  chief 
importance  lies  in  the  sodic  carbonate  which  it  contains.  This  substance  neutralises  the  acids 
of  the  intestinal  contents,  and  helps  to  emulsify  the  fats.] 

[Effect  of  Drugs  on  the  Succus  Entericus. — The  subcutaneous  injection  of  Pilocarpin  causes 
the  mucous  membrane  of  a  Vella's  fistula  to  be  congested,  when  a  strongly  alkaline,  opalescent, 
watery,  and  slightly  albuminous  secretion  is  obtained.  This  secretion  produces  a  reducing 
sugar,  converts  cane-sugar  into  invert-sugar,  emulsifies  neutral  fats,  ultimately  splitting  them 
up,  peptonises  proteids,  and  coagulates  milk,  even  although  the  milk  be  alkaline.  The  juice 
attacks  the  sarcous  substance  of  muscle  before  the  connective- 
tissues — the  reverse  of  the  gastric  juice.  The  mucous  membrane 
in  a  Vella's  fistula  does  not  atrophy.  K.  B.  Lehmann  finds  that 
the  succus  entericus  obtained  from  the  intestine  of  a  goat  by 
a  Vella  fistula  has  no  digestive  action.] 

The  Action  of  Nerves  on  the  secretion  of  the  intestinal  juice 
is  not  well  determined.  Section  or  stimulation  of  the  vagi  has 
no  apparent  effect ;  while  extirpation  of  the  large  sympathetic 
abdominal  ganglia  causes  the  intestinal  canal  to  be  filled  with  a 
watery  fluid,  and  gives  rise  to  diarrhoea.  This  may  be  explained 
by  the  paralysis  of  the  vaso-motor  nerves,  and  also  by  the  section 
oi  large  lymphatic  vessels  during  the  operation,  whereby  absorp-  Fig.  242. 

tion  is  interfered  with  and  transudation  is  favoured.  iVEoreau's  Scheme  of  Moreau's  experi- 
Experiment— Moreau  placed  four  ligatures  on  a  loop  of  intestine  ment  {Stirling). 

at  equal  distances  from  each  other  (fig.  242).    The  ligatures  were 

tied  so  that  three  loops  of  intestine  were  shut  off".  The  nerves  (N)  to  the  middle  loop  were 
ivided,  and  the  intestine  was  replaced  in  the  abdominal  cavity.  After  a  time,  a  very  small 
amount  of  secretion,  or  none  at  all,  was  found  in  two  of  the  ligatured  compartments  of  the  gut, 
i.e.,  in  those  with  the  nerves  and  blood-vessels  intact  (1,  3),  but  the  compartment  (2)  whose 
nerves  had  been  divided  contained  a  watery  secretion.    Perhaps  the  secretion  which  occurs 
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after  section  of  the  mesenteric  nerves  is  a  paralytic  secretion.  The  secretion  of  the  intestinal 
and  aast  -riuices  is  diminished  in  man  in  certain  nervous  affections  (hysteria,  hypochondriasis, 
and  various  cerebral  diseases)  ;  while  in  other  conditions  these  secretions  are  increased.       _  , 

Excretion  of  Drugs.-If  an  isolated  intestinal  fistula  be  made,  and  various  drags  adminis- 
tered, the  mucous  membrane  excretes  iodine,  bromine,  lithium,  sulphocyanides,  but  not 
notas'sium  ferrocyanide,  arsenious  or  boracic  acid,  or  iron  salts.  p      •  •  xr, 

^1n  sTklings,^not  unfrequently  a  large  amount  of  acid  is  formed  when  the  fungi  m  the 
intestine  snlit  up  milk-sugar  or  grape-sugar  into  lactic  acid  [Leuhe).  Starch  changed  into 
grape-s^^^^  tie  samf  abnornral  process  ;  hence,  infants  ought  not  to  be  fed  with 

'^?Fate^of'the  digestive  Ferments. -Langley  is  of  opinion  that  the  digestive  fern.ents  are 
destroyed  in  the  intestinal  canal ;  the  diastatic  ferment  of  sahva  is  destroyed  by  the  free  HCl 
of  the  -astric  juice;  pepsin  and  rennet  are  acted  upon  by  the  alka  ine  salts  of  the  pancreatic 
andtätiiiaUuices,^id  by  trypsin  ;  while  the  diastatic  and  peptic  ^^^-^^f^f'^^^^^^ 
disappear  under  the  infiuence  of  the  acid  fermentation  m  the  large  intestine.   (See  Urme,  §  262.) J 

184  FERMENTATION  IN  THE  INTESTINE.— Those  processes,  which 
are  to  be  regarded  as  fermentations  or  putrefactive  processes,  are  quite  diffei-ent 
from  those  caused  by  the  digestive  enzymes  or  ferments  just  considered.  [Lea 
proposes  the  term  zymolysis  for  the  changes  brought  about  by  unorganised 
ferments,  in  contradistinction  to  the  results  produced  by  organised  ferments,  such  as 
yeast,  or  various  bacteria.]  The  putrefactive  changes  are  connected  with  the 
presence  of  lower  organisms,  so-called  fermentation-  or  putrefaction-producers  :  and 
they  may  develop  in  suitable  media  outside  the  body.  The  lowly  organisms 
which  cause  the  intestinal  fermentation  are  swallowed  with  the  food  and  drink, 
and  also  with  the  saliva.  When  they  are  introduced,  fermentation  and  putre- 
faction begin,  and  gases  are  evolved.  i  •  n   ^  ^- 

Intestinal  Gases.— During  the  whole  of  the  foetal  period,  until  birth,  fermenta- 
tion cannot  occur  ;  hence  gases  are  never  present  in  the  intestine  of  the  newly-born. 
The  first  air-bubbles  pass  into  the  intestine  with  the  saliva  which  is  swallowed 
even  before  food  has  been  taken.  The  germs  of  organisms  are  thus  introduced 
into  the  intestine,  and  give  rise  to  the  formation  of  gases  The  evolution  ot 
intestinal  gases  goes  hand  in  hand  with  the  fermentations.  Air  is  also  swallowed 
and  an  exchange  of  gases  takes  place  in  the  intestine,  so  that  the  composition  of 
the  intestinal  gases  depends  upon  various  conditions.  Kolbe  and  Ruge  collected 
the  gases  from  the  anus  of  a  man,  and  found  in  100  vols.  :— 


Food. 

OO2. 

H. 

CH4. 

N. 

H2S, 

Milk,  . 
Flesh,  . 
Peas, 

16-8 
12-4 
21-0 

43-3 
2-1 
4-0 

0-9 
27-5 
55-9 

38-3 
57-8 
18-9 

Quantity  not 
estimated. 

1  Air-bubbles  are  swallowed  with  the  food.  The  C  is  rapidly  absorbed  in  the 
intestinal  tract,  so  that  in  the  lower  part  of  the  large  intestme,  even  trace^  of  O 
are  absent.  In  exchange,  the  blood-vessels  in  the  intestinal  wall  give  oti  OOg 
into  the  intestine,  so  that  part  of  the  CO^  in  the  intestine  is  derived  by  diffusion 
from  the  blood.  ,     ,      , .    ,       ,    .  i 

2.  H,  CO2,  .NH3,  and  CH^  are  also  formed  from  the  intestinal  contents  by 
fermentation,'  which  takes  place  even  in  the  small  intestine. 

Fungi.— The  chief  agents  in  the  production  of  fermentations,  putrefactioii,  and  other  similar 
decompositions  are  undoubtedly  the  group  of  fungi  called  fission  fungi  or  schizomycetes. 
They  are  small  unicellular  organisms  of  various  form s -globular,  micrococcus ;  short  rods, 
bacterium ;  long  rods,  bacillus  ;  or  spiral  threads,  vibrio,  spirillum,  spirochgeta  (fig.  32). 
The  mode  of  reproduction  is  by  division,  and  they  may  either  remain  snigle  or  unite  to  form 
colonies.  Each  organism  is  usually  capable  of  some  degree  of  motion.  They  produce  proiound 
chemical  changes  in  the  fluids  or  media  in  which  they  grow  and  multiply,  and  these  changes 
depend  upon  the  vital  activity  of  their  protoplasm.     These  minute  microscopic  organisms  take 
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certain  constituents  from  the  "nutrient  fluids"  in  which  they  live,  and  use  them  partly  for 
building  up  their  own  tissues  and  partly  for  their  own  metabolism.    In  these  processes,  some  - 
of  the  substances  so  absorbed  and  assimilated  undergo  chemical  changes,  some  fcrmoits  seem 
thereby  to  be  produced,  which  in  their  turn  may  act  upon  material  present  in  the  nutritive 
fluid.  , 

These  fungi  consist  of  a  capsule  enclosing  protoplasmic  contents.  Many  of  them  are  provided 
with  excessively  delicate  cilia,  by  means  of  which  they  move  about.  The  new  organisms, 
produced  by  the  division  of  pre-existing  ones,  sometimes  form  large  colonies  visible  to  the  naked 
eye,  the  individual  fungi  being  united  by  a  jelly-like  mass,  the  whole  constitutiiig  zoogloea. 
In  some  fungi,  reproduction  takes  place  by  spores  ;  more  especially  when  the  nutrient  fluids  are 
poor  in  nutritive  materials.  The  bacteria  form  longer  rods  or  threads,  which  are  jointed,  and 
in  each  joint  or  segment  small  {1-2  n)  highly  refractive  globules  ov  sjm-es  are  developed  (fig. 
243,  7).  In  some  cases,  as  in  the  butyric  acid  fermentation,  the  rods  become  fusiform  before 
spores  are  formed.  When 
the  envelope  of  the  mother- 
cell  is  ruptured  or  destroyed, 
the  spores  are  liberated,  and 
if  they  fall  upon  or  into  a 
suitable  medium,  they  germi- 
nate and  reproduce  organisms 
similar  to  those  from  which 
they  sprang.  The  process  of 
spore  -  production  is  illus- 
trated in  fig.  243  B,  7,  8,  9, 
and  in  1,  2,  3,  4  is  shown  the 
process  of  germination  in 
the  butyric  acid  fungus.  The 
spores  are  very  tenacious  of 
life  ;  they  may  be  dried, 
when  they  resist  death  for 
a  very  long  time  ;  some  of 
them  are  killed  by  being 
boiled.  Some  fungi  exhibit 
their  vital  activities  only  in 
the  presence  of  0  (serobes), 
while  others  require  the 
exclusion  of  0  (anserobes, 
Pasteur).  According  to  the 
products  of  their  action,  they 
are  classified  as  follows  : — 
Those  that  produce  fermen- 
tations (zymogenic  schizomycetes) ;  those  that  produce  pigments  (chromogenic)  ;  those  that 
produce  disagreeable  odours,  as  during  putrefaction  (bromogenic)  ;  and  those  that,  when  intro- 
duced into  the  living  tissues  of  other  organisms,  produce  pathological  conditions,  and  even 
death  (pathogenic).    All  these  different  kinds  occur  in  the  human  body. 

When  we  consider  that  numerous  fungi  are  introduced  into  the  intestinal  canal  with  the 
food  and  drink — that  the  temperature  and  other  conditions  within  this  tube  are  specially 
favourable  for  their  development  ;  that  there  also  they  meet  with  sufficient  pabulum  for 
their  development  and  reproduction — we  cannot  wonder  that  a  rich  crop  of  these  organ- 
isms is  met  with  in  the  intestine,  and  that  they  produce  there  numerous  fermentations. 

I.  Fermentation  of  Carbohydrates. — (1)  Bacillus  acidi  lactici  consists  of 
biscuit-shaped  cells,  l"5-3  /x  in  length,  arranged  in  groups  or  isolated.  They 
split  up  grape-sugar  into  lactic  acid  : — 

1  grape-sugar  =  CgH-^gOß  =  2(0311^03)  =^  2  lactic  acid. 

Milk-sugar  (Cj.2H220j;^)  can  be  split  up  by  the  same  ferment,  causing  it  to  take 
up  H.2O,  and  forming  2  molecules  of  grape-sugar,  2(C6H^206)5  which  are  again 
split  into  4  molecules  of  lactic  acid  4(C^li(f).^). 

This  fungus  and  its  spores  occur  everywhere  in  the  atmosphere,  and  are  the  cause  of  the  spon- 
taneous acidification  and  subsequent  coagulation  of  milk  (§  230).  There  are  other  lactic  acid- 
forming  fungi. 

(2)  Bacillus  butyricus,  which  in  the  presence  of  starch  is  often  coloured  blue 


Fig.  243. 


A,  Bacterium  aceti  in  the  form  of — cocci  (1)  ;  diplococci  (2)  ; 
short  rods  (3) ;  and  jointed  threads  (4,  5).  B,  Bacillus  hutijricus 
— (1)  isolated  spore;  (2,  3,  4)  germinating  condition  of  the 
spores  ;  (.5,  6)  short  and  long  rods  ;  (7,  8,  9)  formation  of 
spores  within  a  cellular  fungus. 
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by  iodine,  changes  lactic  acid  into  butyric  acid,  together  with  CO^  and  H  {Praz- 
moiosld). 

j  C4H8O.,  =  1  butyric  acid. 
(CgHßOg)  lactic  acid=  I  2{pO^)  =2  carbon  dioxide. 

(       4H  =  4  hydrogen. 

This  fungus  (fig.  243,  B)  is  a  true  aneerobe,  and  grows  only  in  the  absence  of  0.  The  lactic 
acid  fungus  uses  0  very  largely,  ond  is,  therefore,  its  natural  precursor.  The  butyric  acid 
fermentation  is  the  last  change  undergone  by  many  carbohydrates,  especially  by  starch  and 
inulin.    It  takes  place  constantly  in  the  faeces.    Some  other  fungi  have  a  similar  action. 

(3)  Certain  micrococci  cause  alcohol  to  be  formed  from  carbohydrates.  The 
presence  of  yeast  may  cause  the  formation  of  alcohol  in  the  intestine,  and  in  both 
cases  also  from  milk-sugar,  which  first  becomes  changed  into  dextrose. 

(4)  Bacterium  aceti  (fig.  243,  A)  converts  alcohol  into  acetic  acid  outside  the  body.  Alcohol 
(CoHeO)  +  0  =  C.,H40  (Aldehyd)  +  H2O.  Acetic  acid  (C2H4O2)  is  formed  from  aldehyd  by ;^xida- 
tio'n.  According  to  Nageli,  the  same  fungus  causes  the  formation  of  a  small  amount  of  COg  and 
HoO.  As  the  acetic  fermentation  is  arrested  at  35°  C,  this  feimentation  cannot  occur  in  the 
ntestine,  and  the  acetic  acid,  which  is  constantly  found  in  the  fajces,  must  be  derived  from 
another  source.  During  putrefaction  of  the  proteids,  with  exclusion  of  air,  acetic  acid  is 
produced  {Nencki). 

(5)  Starch  and  cellulose  are  partly  dissolved  by  the  schizomycetes  (Bac.  butyricus 
and  Vibrio  rugula)  of  the  intestine.  If  cellulose  be  mixed  with  cloacal-mucus, 
or  with  the  contents  of  the  intestine,  it  passes  into  a  saccharine  carbohydrate  which 
decomposes  into  equal  volumes  of  CO2  and  CH^  {Hoppe-Seyler). 

When  the  cellulose  envelopes  are  softened  and  dissolved  the  digestive  juices  can 
act  upon  the  enclosed  digestible  parts  of  the  grains  {Tapi^einer). 

[Digestion  of  Cellulose.— In  herbivora  40-60  per  cent,  of  the  cellulose  taken  ni 
the  food  disappears  in  the  intestine.  None  of  the  digestive  juices  can  digest  cellu- 
lose so  long  as  putrefaction  does  not  take  place  in  the  digestive  mixture.  The 
maceration  of  the  cellulose  with  saliva  begins  in  the  paunch,  but  the  chief  change 
takes  place  in  the  caecum.  It  seems  that  first  a  sugar-Hke  body  is  formed,  and 
afterwards  this  may  be  split  up  into  CO2  and  CH^.  The  putrefaction  of  cellulose 
yields  large  quantities  of  COg  and  CH^.] 

[Weiske  found  that  he  could  digest  a  considerable  quantity  of  the  wood-fibres  or  cellulose  of 
carrots,  cabbage,  and  celery,  but  it  can  scarcely  be  regarded  as  a  food  for  man.  ^  It  however 
acts  as  a  mechanical  stimulus  to  promote  peristalsis  of  the  intestine.  Hence  it  is  absolutely 
essential  for  animals  with  a  long  intestine,  e.g. ,  rabbits.  A  rabbit  fed  on  food  free  from  cellulose 
rapidly  dies,  because  the  onward  movement  of  the  intestinal  contents  ceases.  If  horn-parings 
be  added  to  the  food— which  are  quite  indigestible— nutrition  is  normal  in  rabbits  ;  they  act 
in  a  purely  mechanical  manner  in  place  of  the  cellulose  {Knieriem).'] 

(6)  Fungi,  whose  nature  is  unknown,  can  partly  transform  starch  (1  and  cellulose) 
into  sugar. 

(7)  Others  produce  the  ferment  invertin.  Invertin  can  change  cane-sugar,  milk- 
sugar,  and  maltose  into  glucoses  (dextrose,  leevulose,  galactose)  (§  183,  II.,  5). 
Yeast  has  a  similar  action  (§  183,  IL,  5). 

Cane-sugar  Water  Dextrose  Lsevulose 
II.  Fermentation  of  Fats  (§  251).— During  putrefaction,  organisms  of  an 
unknown  nature  cause  neutral  fats  to  take  up  Avater  and  split  into  glycerin  and 
their  corresponding  fatty  acid  (§  170).  Glycerin  is  capable  of  undergoing  several 
fermentations,  according  to  the  fungus  which  acts  upon  it  (§  251).  With  a  neutral  re- 
action, in  addition  to  succinic  acid,  a  number  of  fatty  acids,  H  and  CO^  are  formed. 

Fitz  found  that  the  hay-bacillus  (Bacillus  subtilis,  fig.  244)  formed  alcohol,  and  caproic, 
butj'ric,  and  acetic  acids  ;  in  other  cases,  especially  butylic  alcohol,  van  de  Velde  found  butyric, 
lactic,  and  traces  of  succinic  acid  with  CO2,  H2O,  N. 

The  fatty  acids,  especially  as  chalk  soaps,  form  an  excellent  material  for  fermen- 
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tation.  Calcium  formiate  mixed  with  cloacal-mucus  ferments  and  yields  calcium 
carbonate,  COg  and  H  ;  calcium  acetate,  under  the  same  conditions,  produces 
calcium  carbonate,  COg  and  CH^.    Amongst  the  oxy-acids,  we  are  acquainted 


and  citric  acids. 


Proteids  and  their 
fungi  (Bac.  subtilis 


0 


0 
2 


Bacillus  subtilis.  1,  spore  ;  2,  3,  4,  its  germination  ;  5,  6,  short  rods  ; 
7,  jointed  thread,  with  the  formation  of  spores  in  each  segment  ;  8, 
short  rods,  some  of  them  containing  spores  ;  9,  spores  in  single  short 
rods  :  10,  fungus  with  a  ciHum.  uleI^"  ' 


with  the  fermentations  of  lactic,  glycerinic,  malic,  tartaric, 

According  to  Fitz,  lactic  acid  (in  combination  with  chalk)  produces  propionic  and  acetic  acids, 
COojHaO.  Other  ferments  cause  the  formation  of  valerianic  acid.  Glycerinic  acid,  in  addition 
to  alcohol  and  succinic  acid,  yields  chiefly  acetic  acid  ;  malic  acid  forms  succinic  and  acetic  acid. 
The  other  acids  above  enumerated  yield  somewhat  similar  products. 

III.  Fermentation  of  Proteids  (§  249). — The  undigested 
derivatives  appear  to  be  acted  upon  l)y  fungi.  Many  fission 
and  the  spirillum 
of  cheese),  how- 
ever, can  produce 
a  pepto7iidng  fer- 
ment, so  that  a 
small  amount  of 
the  peptonising 
done  in  the  in- 
testine may  be 
due  to  microbes. 
This  however  has 
not  been  proved, 
although  it  has 
been  rendered 
prol^able  by  the 
experiments  of 
Vignal. 

VYe  have  already  seen  that  pancreatic  digestion  acts  upon  the  proteids,  forming, 
among  other  products,  amido-acids,  leucin,  tyrosin,  and  other  bodies  (§  170,  XL). 
Under  normal  conditions,  this  is  the  greatest  decomposition  produced  by  the  pan- 
creatic juice.  The  putrefactive  fermentation  of  the  large  intestine  causes  further 
and  more  profound  decompositions.  Leucin  (CgH^gNOg)  takes  up  two  molecules 
of  Avater  and  yields  valerianic  acid  (CrH^ßO^),  ammonia,  COo  and  ;  glycin 
behaves  in  a  similar  manner.  Tyrosin  (CgH^^NOg)  is  decomposed  into  indol 
(CgH^N),  which  is  constantly  present  in  the  intestine  along  with  carbon  dioxide, 
water,  and  H.  If  O  be  present,  other  decompositions  take  place.  These  putre- 
factive products  are  absent  from  the  intestinal  canal  of  the  foetus  and  the  newly- 
born.  During  the  putrefactive  decomposition  of  proteids,  COg,  H2S,  H,  and  CH4, 
are  formed  ;  the  same  result  is  obtained  by  boiling  them  with  alkalies.  Gelatin, 
under  the  same  conditions,  yields  much  leucin  and  ammonia,  COg,  acetic,  butyric, 
and  valerianic  acids,  and  giycin.  Mucin  and  nuclein  undergo  no  change.  Artificial 
pancreatic  digestion-mixtures  rapidly  tend  to  undergo  putrefaction. 

The  substance  which  causes  the  peculiar  fsecal  odour  is  produced  by  putrefaction,  but  its 
nature  is  not  known.  It  clings  so  firmly  to  indol  and  skatol  that  these  substances  were  formerly 
regarded  as  the  odorous  bodies,  but  when  they  are  prepared  pure  they  are  odourless  {Bayer). 

Amongst  the  solid  substances  in  the  large  intestine  formed  only  hy  putrefaction 
is  indol  (CgH^N"),  a  substance  which  is  also  formed  when  proteids  are  heated  with 
alkalies,  or  by  superheating  them  with  Avater  to  200°  C.  It  is  the  stage  preceding 
the  indican  in  the  urine.  If  the  products  of  the  digestion  of  the  proteids — the 
peptones — are  rapidly  absorbed,  there  is  only  a  slight  formation  of  indol;  but 
Avhen  absorption  is  slight,  and  putrefaction  of  the  products  of  pancreatic  digestion 
occurs,  much  indol  is  formed,  and  indican  appears  in  the  urine. 

Jaffe  found  much  indican  in  the  urine  in  strangulated  hernia,  and  when  the  small  intestine 
vras  obstructed  (§  262,  1). 


344 


DECOMPOSITION  PRODUCTS  OF  PROTEIDS. 


[Sec.  184. 


Eeactions  for  Indol. — Acidulate  strongly  witli  HCl,  and  sliake  vigorously  after  adding  a  few 
drops  of  turpentine.  If  there  be  an  intense  red  colour,  the  pigment  is  removed  by  ether. 
The  substance — protein-chromogen — which  is  formed  after  the  digestion  of  fibrin  by  trypsin,  and 
which  gives  a  violet  colour  with  bromine  water  (§  170,  IL),  can  be  removed  by  chloroform.  In 
addition  to  the  last  pigment,  there  is  a  second  one,  which  passes  over  during  distillation,  and 
which  can  be  extracted  from  the  distillate  by  ether.  Both  substances  seem  to  belong  to  the 
indigo  group  {Krukenherg). 

A.  Bayer  prepared  indigo-blue  artificially  from  ortho-phenyl-propionic  acid,  by  boiling 
with  dilute  caustic  soda,  alter  the  addition  of  a  little  grape-sugar.  He  obtained  indol  and 
skatol  from  indigo-blue.  Hoppe-Seyler  found  that  on  feeding  rabbits  with  ortho-nitrophenyl- 
propionic  acid,  much  indican  was  present  in  the  urine. 

Phenol  (CßHßO)  is  formed  during  putrefaction  in  the  intestine,  and  it  is  also 
formed  Avlien  fibrin  and  pancreatic  juice  putrefy  outside  the  body,  while  Brieger 
found  it  constantly  in  the  fseces.  It  seems  to  be  increased  by  the  same  circum- 
stances that  increase  indol,  as  an  excess  of  indican  in  the  urine  is  accompanied  by 
an  increase  of  j^henylsulphuric  acid  in  that  fluid  (§  262). 

From  putrefying  fliesh  and  fibrin,  amido-phenylpropionic  acid  is  obtained,  as  a  decomposition- 
product  of  tyrosin.  A  part  of  this  is  transtbrmed  by  putrefactive  ferments  into  hydrocinnamic 
acid  (phenylpropionic  acid).  The  latter  is  completely  oxidised  in  the  body  into  benzoic  acid, 
and  appears  as  hippuric  acid  in  the  urine.  Thus  is  explained  the  formation  of  hippuric  acid 
from  a  purely  albuminous  diet. 

Skatol  (Cc^HgN  =  niethylindol)  is  a  constant  human  fsecal  substance,  and  has 
been  prepared  artificially  by  Xencki  and  Secretan  from  egg-albumin,  by  allowing 
it  to  putrefy  for  a  long  time  under  water.  It  also  appears  in  the  urine  as  a 
sulphur  compound.  The  excretin  of  human  fseces,  described  by  Marcet,  is 
related  to  Cholesterin,  but  its  liistory  and  constitution  are  unknown. 

According  to  Salkowski,  skatol  and  indol  are  both  formed  from  a  common  substance  which 
exists  preformed  in  albumin,  and  which,  when  it  is  decomposed,  at  one  time  yields  more  indol, 
at  another  skatol,  according  as  the  hypothetical  "  indol  fungus,'"  or  skatol  f  ungus,'"  is  the 
more  abundant. 

It  is  of  the  utmost  importance,  in  connection  with  the  processes  of  putrefaction, 
to  determine  whether  they  take  place  when  oxygen  is  excluded,  or  not.  When  0 
is  absent,  reductions  take  place  ;  oxy-acids  are  reduced  to  fatty  acids,  and  hydrogen, 
marsh  gas,  and  H.2S  are  formed  ;  while  the  H  may  produce  further  reductions.  If  0 
be  present,  the  nascent  H  separates  the  molecule  of  free  ordinary  oxygen  ( =  Og)  into 
two  atoms  of  active  oxygen  (  =  0).  Water  is  formed  on  the  one  hand,  while  the 
second  atom  of  O  is  a  powerful  oxidising  agent  [Hoppe-Seyler). 

It  is  remarkable  that  the  putrefactive  processes,  after  the  development  of  phenol,  indol, 
skatol,  cresol,  phenylpropionic  and  phenylacetic  acids  are  subsequently  limited,  and  after  a 
certain  concentration  of  the  fluid  with  these  bodies  is  reached,  the  putrefactive  processes  cease 
altogether.  The  putrefactive  process  produces  antiseptic  substances  which  kill  the  micro- 
organisms, so  we  may  assume  that  these  substances  limit  to  a  certain  extent  the  putrefactive 
processes  in  the  intestine. 

The  reaction  of  the  small  intestine  immediately  below  the  stomach  is  acid, 
but  the  pancreatic  and  intestinal  juices  cause  a  neutral  and  afterwards  an  alkaline 
reaction,  which  obtains  along  the  whole  small  intestine.  In  the  large  intestine, 
the  reaction  of  its  wall  is  alkaline,  but  the  contents  are  generally  acid,  on  account  of 
the  acid  fermentation  and  the  decomposition  of  the  ingesta  and  the  fseces. 

[Hole  of  micro-organisms  in  the  intestine. — It  is  to  be  remembered  that  micro- 
organisms exist  throughout  the  entire  intestinal  tract.  Numerous  microbes  have 
been  found  in  the  saliva  (p.  253),  stomach  (p.  349),  and  small  intestine  (p.  340). 
From  the  normal  intestinal  mucus  Babes  has  isolated  five  species  of  bacteria,  while 
an  enormous  number  of  micro-organisms  exist  in  the  large  intestine  and  fseces 
(p.  347).  Yignal  calculates  their  number  at  20  millions  per  decigram  of  fseces. 
All  these  organisms  resist  the  action  of  the  digestive  juices,  save  a  fcAV  which 
are  dissolved  by  the  gastric  juice. 

The  researches  of  Duclaux,  Yignal,  and  others  have  shown  that  certain  of  these 
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micro-organisms  secrete  solulile  ferments  identical  in  their  action  with  the  ferments 
of  the  digestive  juices.  Vignal  states  that  certain  of  these  organisms  contril)nte  to 
the  dissolution  of  food  in  the  intestine.  It  is  certain  that  they  contribute  to 
many  processes  of  fermentation  and  decomposition  which  go  on  in  the  intestine. 
During  foetal  life  these  organisms  are  wanting,  but  they  are  numerous  a  few  days 
after  birth  {Beaimis).  In  this  connection  one  cannot  fail  to  remember  that 
bacteria  by  their  action  can  produce  in  albuminous  fluids  album oses  and  peptones, 
and  that  the  former  bodies  are  now  regarded  by  bacteriologists  as  substances 
which  play  an  important  role  in  many  pathological  processes.] 

185.  PROCESSES  IN  THE  LARGE  INTESTINE.— Within  the  large  in- 
testine, the  fermentative  and  putrefactive  processes  are  certainly  more  prominent 
than  the  digestive  processes  proper,  as  only  a  very  small  amount  of  the  intestinal 
juice  is  found  in  it.  The  absorptive  function  of  the  large  intestine  is  greater  than 
its  secretory  function,  for  at  the  beginning  of  the  colon  its  contents  are  thin  and 
watery,  but  in  the  further  course  of  the  intestine  they  become  more  solid.  Water 
and  the  products  of  digestion  in  solution  are  not  the  only  sul)stances  absorbed, 
but  under  certain  circumstances,  unchanged  fluid  egg-albumin,  milk  and  its 
Proteids,  flesh  juice,  solution  of  gelatin,  myosin  with  common  salt,  may  also  be 
absorbed.  Experiments  with  acid-albumin,  syntonin,  or  blood-serum  gave  no  result. 
Toxic '  substances  are  certainly  absorbed  more  rapidly  than  from  the  stomach. 
[In  the  dog  the  secretion  of  the  large  intestine  has  no  digestive  properties,  but  fats 
are  absorbed  in  it.  Klug  and  Koreck  regard  its  Lieberkühnian  glands  not  as 
secreting-  but  as  absorbing-structures.]  The  faecal  matters  are  formed  or  rather 
shaped  in  the  lower  part  of  the  gut.  The  caecum  of  many  animals,  e.g.,  rabbit,  is 
of  considerable  size,  and  in  it  fermentation  seems  to  occur  with  considerable  energy, 
giving  rise  to  an  acid-reaction.  In  man,  the  chief  function  of  the  caecum  is  absorp- 
tion, as  is  shown  by  the  great  number  of  lymphatics  in  its  walls.  From  the  lower 
part  of  the  small  intestine  and  the  caecum  onwards,  the  ingesta  assume  the  faecal 
odour. 

[Heidenhain  found  that  in  an  excised  loop  of  intestine,  as  in  a  Yella's  fistula,  but  where  the 
two  ends  of  the  loop  were  stitched  together  and  returned  to  the  abdomen,  after  several  weeks 
the  closed  loop  of  gut  was  found  to  contain  a  fsecal-like  mass.  It  is  evident,  therefore,  that 
the  secretion  of  the  large  intestine  must  contribute  matters  to  the  fseces.] 

The  amount  of  fasces  is  about  [5  oz.  or]  170  grms.  (60  to  250  grms.)  in  twenty- 
four  hours;  but  if  much  indigestible  food  be  taken,  it  may  be  as  much  as 
500  grms.  The  amount  is  less,  and  the  absolute  amount  of  solids  is  less,  after 
a  diet  of  flesh  and  albumin,  than  after  a  vegetable  diet.  The  faeces  are  rendered 
lighter  by  the  evolution  of  gases,  and  hence  they  float  in  water. 

The  consistence  depends  on  the  amount  of  water  present — usually  about  75  per 
cent.  The  amount  of  water  depends  partly  on  the  food— pure  flesh  diet  causes 
relatively  dry  faeces,  while  substances  rich  in  sugar  yield  faeces  with  a  relatively 
large  amount  of  water.  The  quantity  of  water  taken  has  no  eff"ect  upon  the 
amount  of  water  in  the  faeces.  But  the  energy  of  the  peristalsis  has.  ^  The  more 
energetic  the  peristalsis  is,  the  more  watery  the  faeces  are,  because  sufficient  time  is 
not  allowed  for  absorption  of  the  fluid  from  the  ingesta.  Paralysis  of  the  l:)lood- 
and  lymph-vessels,  or  section  of  the  nerves,  leads  to  a  watery  condition  of  the  faeces 
(§  183). 

The  reaction  is  often  acid,  in  consequence  of  lactic  acid  benig  developed  from 
the  carbohydrates  of  the  food.  Numerous  other  acids  produced  by  putrefaction 
are  also  present  (§  184).  If  much  ammonia  be  formed  in  the  loAver  part  of  the  in- 
testine, a  neutral  or  even  alkaline  reaction  may  obtain.  A  copious  secretion  of 
mucus  favours  the  occurrence  of  a  neutral  reaction. 

The  odour,  which  is  stronger  after  a  flesh  diet  than  after  a  vegetable  diet,  is 
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caused  by  some  faecal  products  of  putrefaction,  which  have  not  yet  been  isolated  ; 
also  by  volatile  fatty  acids  and  by  sulphuretted  hydrogen,  when  they  are  present. 

The  colour  of  the  fseces  depends  upon  the  amount  of  altered  bile-pigments 
mixed  with  them,  whereby  a  bright  yellow  to  a  dark  brown  colour  is  obtained. 

The  colour  of  the  food  is  also  of  importance.  If  much  blood  be  present  in  the  food,  the 
fxces  are  almost  brownish-black  from  lifematin  ;  gi-een  vegetables  =  brownish -green  from 
chlorophyll  ;  bones  {dog)  =  white  from  the  amount  of  lime  ;  preparations  of  iron black  from 
the  formation  of  sulphide  of  iron. 

The  faeces  contain — 

(1)  The  unchanged  residues  of  animal  or  vegetable  tissues  used  as  food;  hairs, 
horny  and  elastic  tissues  ;  most  of  the  cellulose,  woody  fibres,  spiral  vessels  of 
vegetable  cells,  gums. 

(2)  Portions  of  digestible  substances,  especially  when  these  have  been  taken  in 
too  large  amount,  or  when  they  have  not  been  sufficiently  broken  up  by  chewing. 
Portions  of  muscular  fibres,  ham,  tendon,  cartilage,  particles  of  fat,  coagulated 
albumin  — vegetable  cells  from  potatoes  and  other  vegetables,  ra^v  starch,  &c. 
(fig.  245). 

All  food  yields  a  certain  amount  of  residue — white  bread,  3  7  per  cent. ;  rice,  4-1  per  cent.  ; 
flesh,  4-7  percent.;  potatoes,  9*4  per  cent.;  cabbage,  14-9  per  cent.  ;  black  bread,  15  per  cent.; 
yellow  turnip,  20-7  per  cent.  {Ruhner). 

(3)  The  decomposition-products  of  the  Inle-pigments,  which  do  not  now  give 

Gmelin's  reaction ; 


as  well  as  the 
altered  bile-acids 
(§  177,  2).  This 
reaction,  however, 
may  be  obtained  in 
pathological  stools, 
especially  in  those 
of  a  green  colour  ; 
unaltered  biliru- 
bin, biliverdin, 
giycocholic  and 
taurocholic  acids 
occur  in  meconium 
(§  182). 

[MacMunn  found 
no  unchanged  bile- 
pigments  in  the  fajces. 
A  substance  called 
stercobilin  is  ob- 
febrile  "  urobilin,  but  it 


r?eces.  a,  muscular  fibres  ;  h,  tendon  ;  c,  epithelium  ;  d,  leucocytes  ; 
e-i,  different  forms  of  vegetable  cells  and  between  the  whole  numerous 
bacteria,       Between  h  and  b,  yeast ;  I',  triple  pliosphate. 

wliat  has  been  called 


tained  from  the  ffeces,  and  it  closely  resembles 
is  certainly  different  from  normal  urobilin.] 

(4)  Unchanged  mucin  and  nuclein — the  latter  occasionally  after  a  diet  of  bread, 
together  with  partially  disintegrated  cylindrical  epithelium  from  the  intestinal 
canal,  and  occasionally  drops  of  oil.  Cholesterin  is  very  rare.  [Ten  grains  of  a 
substance,  stercorin,  said  to  be  a  modification  of  Cholesterin,  occur  in  the  faeces 
(Flint).']  The  less  the  nuicus  is  mixed  with  the  faeces,  the  lower  the  part  of  the 
intestine  from  which  it  is  derived  [Nothnagel). 

(5)  After  a  milk  diet,  and  also  after  a  fatty  diet,  crystalline  needles  of  lime  com- 
bined with  fatty  acids  and  chalk  soaps  constantly  occur,  even  in  sucklings  ( Weg- 
scheider).  Even  unchanged  masses  of  casein  and  fat  occur  during  the  milk  cure. 
Compounds  of  ammonia,  with  the  acids  mentioned  as  the  result  of  putrefaction 
(§  184,  III.),  belong  to  the  faecal  matters  (Brieger). 
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(6)  Amongst  inorganic  residues,  soluble  salts  rarely  occur  in  tlie  feces  l)ecause 
they  diffuse  readily,  e.g.,  common  salt,  and  the  other  alkaline  chlorides,  the  com- 
pounds of  phosphoric  acid,  and  some  of  those  of  sulphuric  acid.  Tlie  insoluble 
compounds— of  which  ammoniaco-magnesic  or  triple  phosphate  (fig.  245,  /.:),  neutral 
calcic  phosphate,  yellow-coloured  lime  salts,  calcium  carbonate,  and  magnesium 
phosphate  are  the  chief— form  70  per  cent,  of  the  ash.  Some  of  these  insoluble 
substances  are  derived  from  the  food,  as  lime  from  bones,  and  in  part  they  are 
excreted  after  the  food  has  been  digested,  as  ashes  are  eliminated  from  food  which 
has  been  burned. 

Concretions.— The  excretion  of  inorganic  substances  is  sometimes  so  great  that  they  form 
incrustations  around  other  fa?cal  matters.  Usually  ammoniaco-magnesic  phosphate  occurs  in 
large  crystals  by  itself,  or  it  may  be  mixed  with  magnesium  phosphate. 

(7)  Micro-organisms. — A  considerable  portion  of  normal  fsecal  matter  consists 
of  micrococci  and  microbacteria ;  yeast  is  seldom  absent  {Frerkhs,  Nothnagel). 

To  isolate  the  individual  fungi,  Eschericli  has  made  pure  cultivations  from  the  intestinal 
contents  of  sucklings,  and  Bienstock  from  adults.    In  the  intestine  of  sucklings  which  have 


0  5  / 


9 


Fig.  246. 

1,  Bacterium  coli  commune  ;  2,  bacterium  lactis  aerogenes  ;  3  and  4,  the  large  bacilli  of 
Bienstock,  with  partial  endogenous  spore-formation  ;  5,  the  various  stages  in  the  develop- 
ment of  the  bacillus  which  causes  the  fermentation  of  albumin. 

been  nourished  entirely  on  their  mother's  milk,  the  Bacterium  lactis  aerogenes  (fig.  246,  2) 
causes  the  lactic  acid  fermentation  and  the  evolution  of  CO.j  and  H,  in  the  upper  part  of 
the  canal  where  some  milk-sugar  is  still  unabsorbed.  In  the  evacuations  is  the  characteristic 
slender  Bacterium  coli  commune  (fig.  246,  1).  In  addition,  occasionally  there  are  other  bacilh, 
cocci,  spores  of  yeast,  and  a  mould. 
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In  the  faeces  of  an  adult,  Bienstock  detected  two 
Jarge    forms   of    bacilli   (fig.    246,    3,  4),  closely 


resembling  Bacillus  subtilis  in  form  and  size,  but 
distinguished  from  it  only  by  the  form  of  its  pure 
cultivation,  by  the  mode  of  growth  of  its  spores, 
and  by  the  absence  of  movements.  These  two  forms 
can  be  distinguished  microscopically  by  the  mode  of 
their  cultivation,  which  is  either  in  the  form  of  a 
grape  or  a  flat  membrane.  These  two  do  not  excite 
a  fermentative  action.  A  third  micrococcus-like, 
small  very  slowly-developing  bacillus  occurs  in  three-fourths  of  all  stools.  A  fourth  kind 
(abseAt  in  sucklings)  is  the  specific  bacillus  (§  184,  IIL),  causing  the  decomposition  of  albumin 
resulting  in  the  products  of  putrefaction  and  a  fsecal  odour.  This  is  the  only  bacillus  that 
excites  these  processes  in  the  intestine  ;  but  it  does  not  decompose  casein  and  alkali-albumiii. 
In  fig.  246,  5,  a-g,  the  stages  in  the  development  of  this  bacillus  aie  represented,  but  the 
stages  from  c  to  g  are  absent  in  the  fseces,  and  are  found  only  in  artificial  cultivations. 


Reaction  of  the  contents  of  the 
intestinal  tract. 
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If  the  feces  are  simply  investigated  microscopically  and  without  special  precautions,  there 
are  other  fungi,  some  of  which  may  be  introduced  through  the  anus.  In  stools  that  contain 
much  starch,  the  bacillus  butyrieus,  Avhicli  is  tinged  blue  with  iodine,  occurs  (§  184),  and  other 
small  globular  or  rod-like  fungi,  which  give  a  similar  reaction  {Nothnagel,  Ujfelmcmn). 

The  changes  of  the  intestinal  contents  have  been  studied  on  persons  with  an  accidental' 
intestinal  fistula,  or  an  artificial  anus. 

[The  preceding  scheme  (fig.  247),  from  Krukenberg  shows  graphically  the  reaction  of  the 
contents  of  the  various  parts  of  the  alimentary  canal,  and  also  the  distribution  of  the  ferments.] 

186.  PATHOLOGICAL  VARLÄ.TIONS.  — A.  The  taking  of  food  may  be  interfered  with  by 
spasm  of  the  muscles  of  mastication  (usually  accompanied  by  general  spasms),  stricture  of  the 
Oesophagus,  by  cicatrices  after  swallowing  caustic  Huids  {e.g.,  caustic  potash,  mineral  acids),  or 
by  the  presence  of  a  tumour,  such  as  cancer.  Inflammation  of  all  kinds  in  the  mouth  or 
pharynx  interferes  with  the  taking  of  food.  Inability  to  swallow  occurs  as  part  of  the  general 
phenomena  in  disease  of  the  medulla  oblongata,  in  consequence  of  paralysis  of  the  motor  centre 
(superior  olives)  for  the  facial,  vagus,  and  hypoglossal  nerves,  and  also  for  the  afferent  or 
sensory  fibres  of  the  glosso-pharyngeal,  vagus,  and  trigeminus.  Stimulation  or  abnormal 
excitation  of  these  parts  causes  spasmodic  swallowing,  and  the  disagreeable  feeling  of  a 
constriction  in  the  gullet  (globus  hystericus). 

B.  The  secretion  of  saliva  is  diminished  during  inflammation  of  the  salivary  glands  ;  occlu- 
sion of  their  ducts  by  concretions  (salivary  calculi)  ;  also  by  the  use  of  atropin,  daturin,  and 
during  fever,  whereby  the  secretory  (not  the  vaso-motor)  fibres  of  the  chorda  appear  to  be 
paralysed  (§  145).  When  the  fever  is  very  high,  no  saliva  is  secreted.  The  saliva  secreted 
during  moderate  fever  is  turbid  and  thick  and  usually  acid.  As  the  fever  increases,  the  dia- 
static  action  of  the  saliva  diminishes.  The  secretion  is  increased  by  stimulation  of  the  buccal 
nerves  (inflammation,  ulceration,  trigeminal  neuralgia),  so  that  the  saliva  is  secreted  in  great 
quantity.  Mercury  and  jaborandi  cause  secretion  of  saliva,  the  former  causing  stomatitis,  which 
excites  the  secretion  of  saliva  reflexly.  Even  diseases  of  the  stomach  accompanied  by  vomiting 
cause  secretion  of  saliva,  A  very  thick  tenacious  sympathetic  saliva  occurs  when  there  is  vio- 
lent stimulation  of  the  vascular  system  during  sexual  excitement,  and  also  during  certain 
psychical  conditions.  The  reaction  of  the  saliva  is  acid  in  catarrh  of  the  mouth  ;  in  fever,  in 
consequence  of  decomposition  of  the  buccal  epithelium  ;  and  in  diabetes  mellitus,  in  consequence 
of  acid  fermentation  of  the  saliva  which  contains  sugar.  Hence,  diabetic  persons  often  suffer 
from  carious  teeth.  Unless  the  mouth  of  an  infant  be  kept  scrupulously  clean,  the  saliva  is  apt 
to  become  acid. 

C.  Disturbances  in  the  activity  of  the  musculature  of  the  stomach  may  be  due  to  paralysis 
of  the  muscular  layers,  whereby  the  stomach  becomes  distended,  and  the  ingesta  remain  a  long 
time  in  it.  A  special  form  of  paralysis  of  the  stomach  is  due  to  non-closure  of  the  pylorus 
{Ebstein):  This  may  be  due  to  disturbances  of  innervation  of  a  central  or  peripheral  nature, 
or  there  may  be  actual  paralysis  of  the  pyloric  sphincter,  or  aneesthesia  of  the  pyloric  mucous, 
membrane,  which  acts  reflexly  upon  the  sphincter  muscle  ;  and  lastly,  it  may  be  due  to  the 
reflex  impulse  not  being  transferred  to  the  efl'erent  fibre  within  the  nerve-centre.  Abnormal 
activity  of  the  gastric  musculature  hastens  the  passage  of  the  ingesta  into  the  intestine  ;  vomit- 
ing often  occurs. 

D.  Gastric  digestion  is  delayed  by  violent  bodily  or  mental  exercise,  and  sometimes  it  is 
arrested  altogether.  Sudden  mental  excitement  may  have  the  same  effect.  These  efibrts  are 
very  probably  caused  through  the  vaso-motor  nerves  of  the  stomach.  Feeble  and  imperfect 
digestion  may  be  of  a  purely  nervous  nature  (Dyspepsia  nervosa — Leuhe  ;  Neurasthenia  gastrica 
— Burkart).  An  excessive  formation  of  acid  may  be  due  to  nervous  disturbance,  and  is  called 
"  nervous  gastroxynsis,"  by  Rossbach. 

[Action  of  Alcohol,  Tea,  &c. ,  in  Digestion. — According  to  J.  W.  Fraser,  all  infused 
beverages,  tea,  cott'ee,  cocoa,  retard  the  peptic  digestion  of  proteids,  with  few  exceptions.  The 
retarding  action  is  less  with  coffee  than  with  tea.  The  tannic  acid  and  volatile  oil  seem  to 
be  the  retarding  ingredients  in  teas.  Distilled  spirits — brandy,  whisky,  gin — have  but  a 
trifling  retarding  eff"ect  on  the  digestive  processes  ;  and  when  one  considers  their  action  on 
the  secretory  glands,  it  follows  that  in  moderate  dietetic  doses  they  promote  digestion.  Wines 
are  highly  inimical  to  salivary  digestion,  but  this  is  due  to  their  acidity  ;  and  this  effect  can 
be  removed  by  the  addition  of  an  alkali.  Wines  retard  peptic  digestion,  the  sparkling  less 
than  the  still  wines.  Tea  has  an  intensely  inhibitory  action  on  salivary  digestion  ;  in  fact,  a 
small  quantity  paralyses  the  action  of  saliva,  while  cotfee  has  only  a  slight  effect.  This  action 
of  tea  is  due  to  the  tannin.  Tea,  coffee,  and  cocoa  all  retard  peptic  digestion,  when  they  form 
20  per  cent,  of  the  digestive  mixture  (  W.  Roberts).] 

[Action  of  bile  on  gastric  digestion. — The  passage  of  bile  into  the  stomach  in  cases  of 
gastric  fistula  in  man,  or  the  introduction  of  large  quantities  of  bile  into  the  stomach  of  dogs, 
contrary  to  what  is  usually  stated,  does  not  interfere  with  the  gastric  digestion  of  proteids 
{Herzen,  Dastre,  Oddi).    Bile,  however,  added  to  artificial  digests  retards  the  process  (p.  297).] 

Inflammatory  or  catarrhal  affections  of  the  stomach,  as  well  as  ulceration  and  new  forma- 
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tions,  interfere  with  digestion,  and  the  same  result  is  caused  by  eating  too  much  food  which  is 
difficult  of  digestion,  or  taking  too  much  highly  spiced  sauce  or  alcohol.  In  the  case  of  a  dog 
suffering  from  chronic  gastric  catarrh,  Griitzner  observed  that  the  secretion  took  place  con- 
tinuously, and  that  the  gastric-juice  contained  little  pepsin,  was  turbid,  sticky,  feebly  acid,  and 
even  alkaline.  The  introduction  of  food  did  not  alter  the  secretion,  so  that  in  this  condition 
the  stomach  really  obtains  no  rest.  The  chief  cells  of  the  gastric-glands  were  turbid.  Hence, 
in  gastric  catarrh,  we  ought  to  eat  frequently,  but  take  little  at  a  time,  while  at  the  same  time 
dilute  hydrochloric  acid  ought  to  be  administered  (0'4  per  cent.).  Small  doses  of  common  salt 
seem  to  aid  digestion. 

[Absence  of  HCl.— HCl  is  almost  always  absent  in  carcinoma  of  the  stomach  {van  de  Felde), 
amyloid  degeneration  of  the  gastric  mucous  membrane  {Edinger),  and  sometimes  in  fever.  In 
all  these  cases  the  acid-reaction  is  due  to  lactic  or  butyric  acid.  The  absence  of  HCl  in 
cancer  of  the  stomach  is  an  important  diagnostic  and  prognostic  symptom.  It  is  not  absent  in 
simple  dilatation  of  the  stomach.  Test  the  contents  of  the  stomach  for  free  HCl  with  tropseolin 
(red  colour),  methyl-violet  (blue),  and  with  ferric  chloride  and  carbolic  acid  {Uffelmmin).  2V 
per  cent,  of  free  HCl  causes  the  amethyst-blue  of  the  last  to  become  steel-grey,  while  somewhat 
more  discharges  the  colour  altogether.  [In  testing  for  the  presence  of  free  lactic  acid  in  the 
gastric  contents  use  Ulfelmann's  reaction  (§  163).  The  lactic  acid  is  easily  extracted  by  ether 
from  the  gastric  contents,  and  the  reaction  can  then  be  performed  with  the  residue  obtained 
after  evaporating  the  ether.  A  solution  of  1  drop  of  the  liquor  perchloride  in  50  c.c.  of  water 
is  made  yellow  by  lactic  acid.] 

Feeble  digestion  may  be  caused  either  by  imperfect  formation  of  acid  or  pepsin,  so  that  both 
substances  may  be  administered  in  such  a  condition.  [It  may  also  be  due  to  deficient  muscular 
power  in  the  w^all  of  the  stomach.]  In  other  cases,  lactic,  butyric,  and  acetic  acids  are  formed, 
owing  to  the  presence  of  lowly  organisms.  In  such  cases,  small  doses  of  salicylic  acid,  together 
with  some  hydrochloric  acid,  are  useful.  Pepsin  need  not  be  given  often,  as  it  is_  rarely  absent, 
even  from  the  diseased  gastric  mucous  membrane.  Albumin  has  been  found  in  the  gastric- 
juice  in  cases  of  gastric  catarrh  and  cholera. 

E.  Digestion  during  Fever  and  Anaemia. — Beaumont  found  that  in  the  case  of  Alexis  St 
.  Martin,  when  fever  occurred,  a  small  amount  of  gastric-juice  was  secreted  ;  the  mucous 
membrane  was  dry,  red,  and  irritable.  Dogs  suffering  from  septicsemic  fever,  or  rendered 
anaemic  by  great  loss  of  blood,  secrete  gastric-juice  of  feeble  digestive  power  and  containing 
little  acid  (Manassein).  [In  acute  diseases  accompanied  by  fever,  the  inner  cells  of  the  fundus- 
glands  of  the  human  stomach  may  disappear  (C.  Kujjfer).]  Hoppe-Seyler  investigated  the 
gastric-juice  of  a  typhus  patient,  in  which  van  de  Velde  found  no  free  acid.  Usually  no  free 
hydrochloric  acid  is  found  in  cancer  of  the  stomach.  The  gastric-juice  of  the  typhus  patient 
did  not  digest  artificially,  even  after  the  addition  of  hydrochloric  acid.  _  The  diminution  of 
acid,  under  these  circumstances,  favours  the  occurrence  of  a  neutral  reaction,  so_  that,  on  the 
one  hand,  digestion  cannot  proceed,  and  on  the  other,  fermentative  processes  (lactic  and  butyric 
acid  fermentations  with  the  evolution  of  gases)  occur.  These  results  are  associated  with  the 
presence  of  micro-organisms  and  Sarcina  ventriculi  ( Goodsir).  U  ffelmann  found  that  the  secretion 
of  a  peptone-forming  gastric  juice  ceased  in  fever,  when  the  fever  is  severe  at  the  outset,  when 
.  a  feeble  condition  occurs,  or  when  the  temperature  is  very  high.  The  amount  of  juice  secreted 
is  certainly  diminished  during  fever.  The  excitability  of  the  mucous  membrane  is  increased 
so  that  vomiting  readily  occurs.  The  increased  excitability  of  the  vaso-motor  nerves  during 
fever  is  disadvantageous  for  the  secretion  of  the  digestive  fluids  {Heidenhain).  Beaumont 
observed  that  fluids  are  rapidly  absorbed  from  the  stomach  during  fever,  but  the  absorption  of 
peptones  is  diminished  on  account  of  the  accompanying  catarrhal  condition  of  the  stomach, 
and  the  altered  functional  activity  of  the  muscularis  mucosae  {Leuhe). 

Many  salts,  when  given  in  large  amount,  disturb  gastric  digestion,  e.g. ,  the  sulphates.  While 
the  alkaloids,  morphia,  strychnia,  digitalin,  narcotin,  veratria  have  a  similar  action,  quinine 
favours  it  ( IVolberg).  In  some  nervous  individuals  "  peristaltic  unrest  of  the  stomach,"  con- 
joined with  a  dyspeptic  condition,  occurs  {Kussman).  [Prosser  James  directs  attention  to  the 
value  of  peptic  and  pancreatic  salts,  which  are  preparations  of  common  salt  mixed  with  pepsin 
and  the  ferments  of  the  pancreas  respectively.] 

[Artificial  Digestion  is  affected  by  various  salts,  according  to  their  nature  and  dilution.  The 
digestion  oi  fibrin  by  pepsin  goes  on  best  without  the  addition  of  salts,  being  diminished  by 
niagnesic  sulphate,  sodic  carbonate,  and  sulphate.  The  digestion  of  fibrin  by  pancreatic  extract 
is  accelerated  by  sodic  carbonate  {Heidenhain),  and  retarded  by  MgS04  and  NaoS04.  The 
diastatic  action  of  the  saliva  and  pancreas  on  starch  is  greatly  accelerated  by  NaCl  (2  per  cent. ), 
vi^hile  Na2C03,  lSFa2S04,  and  MgS04,  hinder  it  {Pfeiffer).']  According  to  Schütz,  artificial  gastric 
digestion  is  retarded  by  a  2  per  cent,  solution  of  alcohol,  and  also  by  a  solution  of  salicylic  acid 
("06  to  '1  per  cent.).  Büchner,  however,  finds  that  10  per  cent,  of  alcohol  does  not  affect  artificial 
gastric  digestion,  while  above  20  per  cent,  arrests  it.    Beer  hinders  digestion. 

F.  In  acute  diseases,  the  secretion  of  bile  is  affected  ;  it  becomes  less  in  amount  and  more 
watery,  i.e.,  it  contains  fewer  specific  constituents.  If  the  liver  undergoes  great  structural 
change,  the  secretion  may  be  arrested. 
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G.  Gall-stones. — -When  decomposition  of  the  bile  occurs,  gall-stones  are  formed  in  the  gall- 
bladder or  in  the  bile-ducts.  Some  are  loJiite,  and  consist  almost  entirely  of  stratified  layers  of 
crystals  of  Cholesterin.  The  broioii  forms  consist  of  bilrubin-lime,  and  calcium  carbonate,  often 
mixed  with  iron,  copper,  and  manganese.  The  gall-stones  in  the  gall-bladder  become  facetted 
by  rubbing  against  each  other.  The  nucleus  of  the  white  stones  often  consists,  of  chalk  and  bile- 
colouring  matters,  together  with  nitrogenous  residues,  derived  from  shed  epithelium,  mucin, 
bile-salts,  and  fats.  Gall-stones  may  occlude  the  bile-duct  and  cause  cholaemia.  AVhen  a  small 
stone  becomes  impacted  in  a  duct,  it  gives  rise  to  excessive  pain,  constituting  hepatic  colic,  and 
may  even  cause  rupture  of  the  bile-duct  with  its  sharp  edges. 

H.  Nothing  certain  has  been  determined  regarding  the  pancreatic  secretion  i»  disease,  but 
in  fever  it  appears  to  be  diminished  in  amount  and  digestive  activity.  The  suppression  of  the 
pancreatic  secretion,  as  by  a  cancerous  tumour  of  the  head  of  the  pancreas,  is  often  accompanied 
by  the  appearance  of  fat,  in  the  form  of  globules  or  groups  of  crystals  in  the  fteces. 

I.  Constipation  is  a  most  important  derangement  of  the  digestive  tract.  It  may  be  caused 
by — (1)  Conditions  which  obstruct  the  normal  channel,  e.g.,  constriction  of  the  gat  from  stricture 
— in  the  large  gut  after  dysentery,  tumours,  rotation  on  its  axis  of  a  loop  of  intestine  (volvulus), 
or  invagination,  occlusion  of  a  coil  of  gut  in  a  hernial  sac,  or  by  the  pressure  of  tumours  or 
exudations  from  without,  or  congenital  absence  of  the  anus.  (2)  Too  great  dryness  of  the  con- 
tents, caused  by  too  little  water  in  the  articles  of  diet,  diminution  of  the  amount  of  the  digestive 
secretions,  e.g.,  of  bile  in  icterus;  or  in  consequence  of  much  fluid  being  given  off  by  other 
organs  as  after  copious  secretion  of  saliva,  milk,  or  in  fever.  (3)  Variations  in  the  functional 
activity  of  the  muscles  and  motor-nervous  apparatus  of  the  gut  may  cause  constipation,  owing  to 
imperfect  peristalsis.  This  condition  occurs  in  inflammations,  degenerations,  chronic  catarrh, 
and  diaphragmatic  inllammation.  Affections  of  the  spinal  cord,  and  sometimes  also  of  the  brain, 
are  usually  accompanied  by  slow  evacuation  of  the  intestine.  Whether  diminished  mental 
activity  and  hypochondriasis  are  the  cause  of,  or  are  caused  by,  constipation  is  not  proved. 
Spasmodic  contraction  of  a  part  of  the  intestine  may  cause  temporary  retention  of  the  intestinal 
contents,  and,  at  the  same  time,  give  rise  to  great  pain  or  colic  ;  the  same  is  true  of  spasm  of 
the  anal  sphincter,  which  may  be  excited  reflexly  from  the  lower  part  of  the  gut.  The  fsecal 
masses  in  constipation  are  usually  hard  and  dry,  owing  to  the  water  being  absorbed  ;  hence 
they  form  large  masses  or  scybala  within  the  large  intestine,  and  these  again  give  rise  to  new 
resistance.  Amongst  the  reagents  which  prevent  evacuation  of  the  bowels,  some  pai-alyse  the 
motor  apparatus  temporarily,  e.g.,  opium,  morphia  ;  some  diminish  the  secretion  of  the  intestinal 
mucous  membrane,  and  cause  constriction  of  the  blood-vessels,  as  tannic  acid,  vegetables  con- 
taining tannin,  alum,  chalk,  lead  acetate,  silver  nitrate,  bismuth  nitrate. 

J.  Increased  evacuation  of  the  intestinal  contents  is  usually  accompanied  by  a  watery  condition 
of  the  fajces,  constituting  diarrhoea.    The  causes  are  : — 

1.  A  too  rapid  movement  of  the  contents  through  the  intestine,  chiefly  through  the  large 
intestine,  so  that  there  is  not  time  for  the  normal  amount  of  absorption  to  take  place.  The 
increased  peristalsis  depends  upon  stimulation  of  the  motor-nervous  apparatus  of  the  intestine, 
usually  of  a  reflex  nature.  Rapid  transit  of  the  contents  through  the  intestine  causes  the 
evacuation  of  certain  substances,  which  cannot  be  digested  in  so  short  a  time. 

2.  The  stools  become  thinner  from  the  presence  of  much  water,  mucus,  and  the  admixture 
with  fat,  and  by  eating  fruit  and  vegetables.  In  rare  cases,  when  the  evacuations  contain  much 
mucin,  Charcot's  crystals  occur  (fig.  171,  c).  In  ulceration  of  the  intestine,  leucocytes  (pus)  are 
present  {Nothnagel). 

3.  Diarrhoea  may  occur  as  a  consequence  of  disturbance  of  the  diffusion-processes  through  the 
intestinal  walls,  as  in  afl"ections  of  the  epithelium,  when  it  becomes  swollen  in  inflammatory  or 
catarrhal  conditions  of  the  intestinal  mucous  membrane.  [Irritation  over  the  abdomen,  as  from 
the  subcutaneous  injection  of  small  quantities  of  saline  solutions,  causes  diarrhoea.  ] 

4.  It  may  also  be  due  to  increased  secretion  into  the  intestine,  as  in  capillary  diffusion,  when 
magnesium  sulphate  in  the  intestine  attracts  water  from  the  blood. 

The  same  occurs  in  cholera,  when  the  stools  are  copious  and  of  a  rice-water  character,  and  are 
loaded  with  epithelial  cells  from  the  villi.  The  transudation  into  the  intestine  is  so  great  that 
the  blood  in  the  arteries  becomes  very  thick,  and  may  even  on  this  account  cease  to  circulate.  \ 

Transudation  into  the  intestine  also  takes  place  as  a  consequence  of  paralysis  of  the  vaso-motor 
nerves  of  the  intestine.  This  is  perhaps  the  case  in  diarrhoea  following  upon_  a  cold.  Certain 
substances  seem  directly  to  excite  the  secretory  organs  of  the  intestines  or  their  nerves,  such  as 
the  drastic  purgatives  (§  180).    Pilocarpin  injected  into  the  blood  causes  great  secretion  {Masloff). 

During  febrile  conditions,  the  secretion  of  the  intestinal  glands  seems  to  be  altered  quanti- 
tatively and  qualitatively,  with  simultaneous  alteration  of  the  functional  activity  of  the  muscul- 
ature and  the  organs  of  absorption,  while  the  excitability  of  the  mucous  membrane  is  increased 
( Uffelmann).  It  is  important  to  note  that  in  many  acute  febrile  diseases  the  amount  of  common 
salt  in  the  urine  diminishes,  and  increases  again  as  the  fever  subsides. 

187.  COMPARATIVE.— Salivary  Glands.— Amongst  mammals,  the  lierbivora  have  larger 
salivary  glands  than  the  Carnivora  ;  while  midway  between  both  are  the  omnivora.    The  whale 
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has  no  salivary  glands.  The  pinuipedia  have  a  small  parotid,  which  is  absent  in  echidna.  The 
do^  and  many  Carnivora  have  a  special  gland  lying  in  the  orbit,  the  orbital  or  zygomatic  cjland. 
In°  birds  the  salivary  glands  open  at  the  angle  of  the  mouth,  but  the  parotid  is  absent. 
Amongst  reptiles  the  parotid  of  some  species  is  so  changed  as  to  form  poison-glands  ;  the 
tortoise  has  sublingual  glands  ;  reptiles  have  labial  glands.  The  amphibia  and  fishes  have 
merely  small  glands  scattered  over  the  mouth.  The  salivary  glands  are  large  in  insects  ;  some 
of  them  secrete  formic  acid.  The  salivary  glands  are  well  developed  in  molluscs,  and  the  saliva 
of  Dolium  galea  contains  more  than  3  per  cent,  of  free  sulphuric  acid  (?).  The  cephalopods 
have  a  double  set  of  glands. 

A  crop  is  not  present  in  any  mammal  ;  the  stomach  is  either  sim2)le,  as  in  man,  or,  as  m 
many  rodents,  it  is  divided  into  two  halves,  into  a  cardiac  and  a  pyloric  portion.  The  intestine 
is  short  in  flesh-eating  animals  and  long  in  herbivora.  The  stomach  of  ruminants  is  compound, 
and  consists  of  four  cavities.  The  first  and  largest  is  the  paunch  or  rumen,  then  the  reticulum. 
In  these  two  cavities,  especially  the  former,  the  ingesta  are  softened  and  undergo  fermentation, 
they  are  then  returned  to  the  mouth  by  the  action  of  the  voluntary  muscular  fibres,  which 
reach  to  the  stomach.  This  is  the  process  of  rumination.  The  ingesta  are  chewed  again  in  the 
mouth,  and  are  again  swallowed,  but  this  time  they  enter  the  third  cavity  or  psalterium— 
(which  is  absent  in  the  camel)— and  thence  into  the  fourth  stomach  or  abomasum,  in  which 
the  fermentative  digestion  takes  place.  The  cpecum  is  a  very  large  and  important  digestive 
organ  in  herbivora  and  in  most  rodents  ;  it  is  small  in  man,  and  absent  in  Carnivora.  The 
oesophagus  in  grain-eating  birds  not  unfrequently  has  a  blind  diverticulum  or  crop  for  softening 
the  food.  In  the  crop  of  pigeons  during  the  breeding  season,  there  is  formed  a  peculiar  secre- 
tion—pigeon's  milk,"  which  is  used  to  feed  the  young  (/.  Hunter).  The  stomach  consists  of 
a  glandular  provcntriculus  and  a  strong  muscular  stomach,  which  is  covered  with  horny  epi- 
thelium and  triturates  the  food.  There  are  usually  two  fluid  diverticula  on  the  small  intestine 
near  where  it  joins  the  large  gut.  In  fishes  the  intestinal  canal  is  generally  simple  ;  the  stomach 
is  merely  a  dilatation  of  the  tube  ;  and  at  the  pylorus  there  may  be  one,  but  usually  many, 
blind  glandular  appendages  (the  appendices  pyloric*).  They  are  generally  longitudinal  folds  in 
the  intestinal  mucous  membrane,  but  in  some  fishes,  e.g.,  the  shark,  there  is  a  s'piral  valve.  [The 
inversive  cane-sugar  ferment  is  wanting  in  the  herbivora,  as  the  cow,  horse,  and  sheep,  but  is 
present  in  the  dog  and  cat.  It  is  also  met  with  in  birds  and  reptiles,  and  in  many  of  the 
invertebrates,  as  the  ordinary  earth-worm  (if.  Hay).'] 

In  amphibia  and  reptiles  the  stomach  is  a  simple  dilatation  ;  the  gut  is  larger  in  vegetable 
feeders  than  in  flesh  feeders.  The  liver  is  never  absent  in  vertebrates,  although  the  gall-bladder 
frequently  is.  [It  is  absent  in  the  donkey,  horse,  elephant,  and  deer.]  The  pancreas  is  absent 
in  some  fishes. 

Digestion  in  Plants.— The  observations  on  the  albumin-digesting  power  of  some  plants 
are  extremely  interesting  {Canhy,  1869  ;  Ch.  Darwin,  1875).  The  sundew  or  drosera  has  a 
series  of  tentacles  on  the  surface  of  its  leaves,  and  the  tentacles  are  provided  with  glands.  When 
an  insect  alights  upon  a  leaf,  it  is  suddenly  seized  by  the  tentacles  ;  the  glands  pour  out  an  acid 
juice  over  the  prey,  which  is  gradually  digested,  all  except  the  chitinous  structures._  The  secre- 
tion, as  well  as  the  subsequent  absorption  of  the  products  of  digestion,  are  accomplished  by  the 
activity  of  the  protoplasm  of  the  cells  of  the  leaves.  The  digestive  juice  contains  a  pepsin-like 
ferment  and  formic  acid.  Similar  phenomena  are  manifested  by  the  Venus  flytrap  (Dionsea), 
by  pinguicula,  as  well  as  by  the  cavity  of  the  altered  leaves  of  Nepenthes.  About  fifteen  species 
of  these  "  insectivorous"  or  carnivorous  plants  are  known.  Papain,  and  other  ferments  analo- 
gous in  their  action  to  trypsin,  are  referred  to  in  §  170. 

188.  HISTORICAL.— Digestion  in  the  Mouth.— The  older  observers  regarded  the  saliva  as  a 

solvent,  and  in  addition,  many  bad  qualities,  especially  in  starving  animals,  were  ascribed  to  it. 
This  arose  from  the  knowledge  of  the  saliva  of  mad  animals,  and  the  parotid  saliva  of  poisonous 
snakes.  The  salivary  glands  have  been  known  for  a  long  time.  Galen  (131-203  A.D.)  was  ac- 
quainted with  Wharton's  duct  and  Aetius  (270  a.d.)  with  the  sub-maxillary  and  sub-lingual 
glands.  Hapel  de  la  Chenaye  (1780)  obtained  large  quantities  of  saliva  from  a  horse,  in  which 
he  was  the  first  to  make  a  salivary  fistula.  Spallanzani  (1786)  asserted  that  food  mixed  with 
saliva  was  more  easily  digested  than  food  moistened  with  water.  Hamberger  and  Siebold  in- 
vestigated the  reaction,  consistence,  and  specific  gravity  of  saliva,  and  found  in  it  mucus, 
albumin,  common  salt,  calcium  and  sodium  phosphates.  Berzelius  gave  the  name  ptyalin  to 
the  characteristic  organic  constituent  of  saliva,  but  Leuchs  (1831)  was  the  first  to  detect  its 
diastatic  action. 

Gastric  Digestion. — Digestion  was  formerly  compared  to  "coction,"  whereby  solution  was 
effected.  According  to  Galen,  only  substances  that  have  been  dissolved  passed  through  the 
pylorus  into  the  intestine.  He  described  the  movements  of  the  stomach  and  the  peristalsis  of  the 
intestines.  Aelian  gave  names  to  the  four  stomachs  of  the  ruminants.  Vidius  (t  1567)  noticed 
the  numerous  small  apertures  of  the  gastric  glands.  Van  Helmont  (tl644)  expressly  notices 
the  acidity  of  the  stomach.  Reaumur  (1752)  knew  that  a  juice  was  secreted  by  the  stomach, 
which  effected  solution,  and  with  which  he  and  Spallanzani  performed  experiments  on  digestion 
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outside  the  body.  Carmiuati  (1785)  found  that  the  stomachs  of  Carnivora  during  digestion 
secreted  a  very  acid  juice.  Prout  (1824)  discovered  the  hydrochloric  acid  of  the  gastric-juice, 
Sprott  and  Boyd  (1836)  the  glands  of  the  gastric  mucous  membrane,  while  Wassmann  and 
Bischotf  noted  the  two  kinds  of  gastric-glands.  After  Beaumont  (1834)  had  made  his  obser- 
vations upon  Alexis  St  Martin,  who  had  a  gastric  fistula  caused  by  a  gunshot  wound,  Basso vv 
(1842)  and  Blondlot  (1843)  made  the  first  artificial  gastric-fistuhne  upon  animals.  Eberle  (1830) 
prepared  artificial  gastric  juice.  Mialhe  called  albumin,  when  altered  by  gastric  digestion 
albuminose  ;  Lehmann,  who  investigated  this  substance  more  carefully,  gave  it  the  name 
peptone.  Schwann  isolated  pepsin  (1836),  and  established  the  fact  of  its  activity  in  the  presence 
of  hydrochloric  acid.  ■,       •  •   o  i  i 

Pancreas,  Bile,  Intestinal  Digestion.— The  pancreas  was  known  to  the  Hippocratic  School  ; 
Maur.  Hoffmann  (1642)  demonstrated  its  duct  (fowl),  and  Wirsung  described  it  in  man.  Regner 
de  Graaf  (1664)  collected  the  pancreatic  juice  from  a  fistula,  and  Tiedemann  and  Gmelin  found 
it  to  be  alkaline,  while  Lauret  and  Lassaigne  found  that  it  resembled  saliva.  Valentin  dis- 
covered its  diastatic  action,  Eberle  its  emulsionising  power,  and  CI.  Bernard  (1846)  its  tryptic 
and  fat-splitting  properties.  The  last-mentioned  function  was  referred  to  by  Purkinje  and 
Pappenheim  (1836).  Aristotle  characterised  the  bile  as  a  useless  secretion  ;  according  to 
Erasistratus  (304  B.  c),  fine  invisible  channels  conduct  the  bile  from  the  liver  into  the  gall- 
bladder. Aretaeus  ascribed  icterus  to  obstruction  of  the  bile-duct.  Benedetti  (1493)  described 
gall-stones.  According  to  Jasolinus  (1573),  the  gall-bladder  is  emptied  by  its  own  contractions. 
Sylvius  noticed  the  lymphatics  of  the  liver  (1640)  ;  Walaeus,  the  connective  tissue  of  the  so- 
called  capsule  of  Glisson  (1641).  Haller  indicated  the  uses  of  bile  in  the  digestion  of  fats.  The 
liver-cells  were  described  bv  Henle,  Purkinje,  and  Dutrochet  (1838).  Heynsius  discovered  the 
urea  and  CI.  Bernard  (1853)  the  sugar  in  the  liver,  and  he  and  Hensen  (1857)  found  glycogen 
in  the  liver.  Kiernan  gave  a  more  exact  description  of  the  hepatic  blood-vessels  (1834).  Beale 
injected  the  lymphatics,  and  Gerlach  the  finest  bile-ducts.  Schwann  (1844)  made  the  first 
biliary  fistula  ;  Demarcay  particularly  referred  to  the  combination  of  the  bile-acids  with  soda 
(1838) ;  Strecker  discovered  the  soda  compounds  of  both  acids,  and  isolated  them.  Celsus 
mentions  nutrient  enemata  (3-5  A.D.).  Fallopius  (1561)  described  the  valvulse  conniventes  and 
villi  of  the  intestinal  mucous  membrane,  and  the  nervous  plexus  of  the  mesentery.  The 
agminated  glands  or  patches  of  Peyer  were  known  to  Severinus  (1645). 


Physiology  of  Absorption. 


189.  THE  OEGrANS  OF  ABSORPTION.— [As  most  substances  in  the  state 
in  which  they  are  used  for  food  are  either  insokible,  or  diffuse  but  imperfectly- 
through  membranes,  the  whole  drift  of  the  complicated  digestive  processes  is  to 
render  these  substances  soluble  and  diffusible,  and  thus  fit  them  for  absorption ; 
most  of  the  neutral  fats,  however,  are  emulsionised.] 

The  mucous  membrane  of  the  whole  intestinal  tract,  as  far  as  it  is  covered  by  a 
single  layer  of  columnar  epithelium,  i.e.,  from  the  cardiac  orifice  of  the  stomach  to 
the  anus — is  adapted  for  absorption.  The  mouth  and  oesophagus,  lined  as  they 
are  by  stratified  squamous  epithelium,  are  much  less  adapted  for  this  purpose. 
Still,  poisoning  is  caused  by  placing  potassium  cyanide  in  the  mouth.  The 
channels  of  absorption  in  the  intestinal  tract  are — (1)  the  capillaries  [direct],  and 
(2)  the  lacteals  [indirecf]  of  the  mucous  membrane  (fig.  248).  Almost  the  whole 
of  the  substances  absorbed  by  the  former  pass 
into  the  rootlets  of  the  portal  vein,  a?id  traverse 
the  liver,  before  they  reach  the  general  circula- 
tion, while  those  that  enter  the  lacteals  really 
pass  into  lymphatics,  so  that  the  chyle  passes 
through  the  thoracic  duct  and  is  poured  by  it 
into  the  blood,  where  the  thoracic  duct  joins 
the  subclavian  vein  (fig.  172). 

Watery  solutions  of  salts,  grape-sugar,  pep- 
tone, poisons,  and  in  a  still  higher  degree 


Scheme  of  intestinal  absorption.  LAC, 
lacteals;  T.D.,  thoracic  duct ;  P.V. 
and  H.V.  portal  and  hepatic  veins  ; 
INT.,  intestine. 


alcoholic  solutions  of  poisons,  are  absorbed  in 
the  stomach.  The  empty  stomach  absorbs 
more  rapidly  than  one  filled  with  food ;  gastric 
catarrh  delays  absorption.  After  a  copious  diet 
of  milk,  fatty  granules  have  been  found  in  the 
protoplasm  of  the  goblet-cells  ;  so  that,  according  to  this  view,  the  goblet-cells  have 
a  double  function,  to  secrete  mucus  and  to  absorb  nutriments. 

The  greatest  area  of  absorption  is  undoubtedly  the  small  intestine,  especially 
its  upper  half,  owing  to  the  presence  of  the  valvulse  conniventes  and  the 

viin. 

[Absorption  takes  place  all  along  the  intestine — but  in  the  case  of  the  fats 
this  is  strictly  confined  to  the  small  intestine,  where  indeed  all  absorption  is  most 
active.  We  might  classify  the  various  sections  of  the  intestinal  canal,  as  far  as 
regards  their  activity  of  absorption,  as  follows  : — small  intestine,  large  intestine, 
stomach,  mouth,  pharynx,  oesophagus  (Beawiis).] 

190.  STRUCTURE  OF  THE  SMALL  AND  LARGE  INTESTINES.--[The 
wall  of  the  small  intestine  consists  of  four  coats  ;  which,  from  without  inward, 
are  named  serous,  muscular,  sub-mucous,  and  mucous  (fig.  249). 

23 


STRUCTURE  OF  THE  SMALL  INTESTINE. 


[Sec.  190, 

a  thin  basis 
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(1)  The  serous  coat  has  the  same  structure  as  the  peritoneum,  i.e , 
of  fibrous  tissue  covered  on  its  outer  surface  by  enclotheliuni 

(2)  The  muscular  coat  consists  of  a  thin  outer  longitudinal  and. an  inner 
thicker  circular  Layer  of  non-striped  muscular  fibres  (fig.  249).  _ 

(3^  The  sub-mucous  coat  consists  of  loose  connective-tissue  contamnig  large  bioocl- 
vessels  lymphatics,  and  nerves,  and  it  connects  the  muscular  with  the_  mucous  coat. 
li\  The  mucous  coat  is  the  most  internal  coat,  and  its  absorbing  surtace  m 
^  '  largely  increased  by  the  presence^  ot 

the  valvulse    conniventes   and  villi. 
[The  valvulsB  conniventes  are  perma- 
nent folds  of  the  mucous  membrane 
of  the  small  intestine,  arranged  across 
the  long  axis  of  the  gut.    They  pass 
round  a  half  or  more  of  the  inner 
surface  of  the  gut.    They  begin  a 
little  below  the  commencement  of  the 
duodenum,  and  are  large  and  well 
marked  in  the  duodenum,  and  remain 
so  as  far  as  the  upper  half  of  the 
jejunum,  where  they  begin  to  become 
smaller,  and  finally  disappear  about 
the  lower  part  of  the  ileum.]  The 
villi  are  characteristic  of  the  small 
intestine,  and  are  confined  to  it ;  they 
occur  everywhere  as  closely-set  cyhn- 
drical  projections  over  and  between 
the  valvulse  conniventes  (fig.  249). 
When  the  inner  surface  of  the  mucous 
membrane  is  examined  in  water,  it 
has  a  velvety  appearance  owing  to 
their  presence.    [They  vary  in  length 
from       to       of  an  inch,  and  are 
largest  and  most  numerous  in  the 
upper  part  of  the  intestine,  duodenum, 
and  jejunum,  where  absorption  is  most 
active,  but  they  are  less  abundant  in 
the  ileum.     Their  total  number  has 
been  calculated  at  four  millions  by 
Krause,  and  there  are  10-18  on  a 
square  mm.]    Each  villus  is  a  pro- 
jection of  the  entire  mucous  mem- 
brane,  so   that   it   contains  within 
itself  representatives  of  all  the  tissue- 


Fig.  249. 

Longitudinal  section  tlirougli  a  Peyer's  patcli 
of  the  small  intestine  of  a  dog. 


elements  of  the  mucosa.  The  orifices  of  the  glands  of  Lieberkühn  open  between 
the  bases  of  viUi  (fig.  249).  ^  .   ^  •   i  •  i 

Structure  of  a  ViUus.— Each  villus,  be  it  cylindrical  or  conical  m  shape,  is 
covered  by  a  single  layer  of  columnar  epithelium,  whose  protoplasm  is  reticulated 
and  contains  a  well-defined  nucleus  with  an  intranuclear  plexus  ot  fibrils,  ihe 
ends  of  the  epithelial  cells  directed  towards  the  gut  are  polygonal,  and  present  the 
appearance  of  a  mosaic  (fig.  250,  D).  When  looked  at  from  the  side  their  free 
surface  is  seen  to  be  covered  with  a  clear,  highly  refractive  disc  or  ''c^tic^^ 
which  is  marked  with  vertical  stri«.  These  strise  were  supposed  by  KoUiker  to 
represent  pores  for  the  absorption  of  fatty  particles,  but  this  has  not  been  confirmed, 
while  Brettauer  and  Steinach  regarded  them  as  produced  by  prisms  placed  side  by  side. 
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STRUCTURE  OF  A  VILLUS. 
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[According  to  Heidenhain,  the  epithehal  cells  are  devoid  of  a  cell  wall,  and 
their  shape  varies  with  the  degree  of  contraction  of  the  villus.  The  disc  consists 
of  rods  with  an  intermediate  substance,  but  they  appear  to  be  continuous  with  the 
protoplasm  of  the  cell.  Sometimes  no  disc  is  to  be  seen,  and  in  this  case  the  rods 
are  retracted.  The  rods  forming  the  disc  may  vary  much  in  length.  Although 
Heidenhain  admits  changes  in  the  length  of  these  "rods,"  he  does  not  ascribe  to 
them  an  active  ]3art  in  the  absorption  of  fat.] 

According  to  v.  ThanhofFer,  however,  this  clear  disc  is  comparable  to  the  thickened  flange 
around  the  bottom  of  a  vessel,  such  as  is  used  for  collecting  gases.  On  this  supposition,  the 
upper  end  of  each  cell  is  open,  and  from  it  there  project  pseudopodia-like  bundles  of  protoplasmic 
processes  (tig.  250,  B).  These  processes  are  supposed  to  be  extended  beyond  the  margin  of  the 
cell,  and  again  rapidly  retracted,  and  iu  so  acting  they  are  said  to  carry  the  fatty  particles  into 


Fig.  250.  ■ 

A,  scheme  of  a  transverse  section  of  part  of  a  villus  ;  a,  columnar  epithelium  with  ;  h,  clear 
disc  ;  _  c,  goblet-cell  ;  i,  i,  adenoid  reticulum  ;  d,  d,  spaces  containing  leucocytes,  e,  e  ; 
/,  section  of  the  central  lacteal.  B,  scheme  of  a  cell  with  processes  projected  from  its  interior. 
C,  columnar  epithelium  after  the  absorption  of  fatty  granules.  D,  columnar  epithelium  of 
a  villus  seen  from  above  with  a  goblet-cell  in  the  centre. 

the  interior  of  the  cells,  much  as  the  pseudopodia  of  an  amreba  entangle  its  food.  [This  view 
has  not  been  confirmed  by  a  sufficient  number  of  observers.]  Between  the  epithelial  cells  are 
the  so-called  goblet-cells  (fig.  250,  C).  [Each  goblet-cell  is  more  or  less  Hke  a  chalice,  narrower 
above  and  below,  and  broad  in  the  middle,  with  a  tapering  fixed  extremity.  The  outer  part  of 
these  cells  is  filled  with  a  clear  substance  or  mucigen,  which,  on  the  addition  of  water,  yields 
mucus  The  mucigen  hes  in  the  intervals  of  a  fine  network  of  fibrils,  which  pervades  the  cell- 
protoplasm,  while  the  protoplasm,  containing  a  globular  or  triangular  nucleus,  is  pushed  into 
the  lower  part  of  the  cell.  These  goblet-cells  are  simply  altered  columnar  epithelial  cells  which 
secrete  mucus  m  their  interior.  They  are  more  numerous  under  certain  conditions.  Not 
unfrequently  m  a  section  of  the  mucous  membrane  of  the  gut,  after  it  is  stained  with  logwood, 
we  may  see  a  deep  blue  plug  of  mucus  partly  exuded  from  these  cells.  When  looked  at  from 
above  they  give  the  appearance  seen  in  fig.  250,  D.]  The  epithelium  of  the  villi  is  replaced  by 
other  cells  derived  from  the  epithelium  of  Lieberkiihn's  glands,  gradually  rising  upwards 
to  take  the  place  of  the  shed  cells.  The  epithelial  cells  are  shed  in  enormous  numbers  in  cholera, 
and  m  poisoning  with  arsenic  and  muscarin  {Böhm). 
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[The  epithelial  cells  covering  the  villus  are  placed  upon  a  layer  of  squamous 
epithelium  (basement  membrane)— the  sub-epithelial  membrane  of  Debove. 
This  basement  membrane  is  said  to  be  connected  by  processes  with  the  so-called 
branched  cells  of  the  adenoid  tissue  of  the  villus,  while  it  also  sends  up  processes 
between  the  epithelial  covering.]  ^ 

The  Stroma  or  body  of  the  villus  itself  consists  of  a  basis  of  adenoid  tissue, 
containing  in  its  centre  one  or  more  lacteals,  closely  invested  with  several  bundles 
of  longitudinal  smooth  muscular  fibres,  derived  from  the  muscularis  mucosae,  and  a 
plexus  of  blood-vessels.  The  adenoid  tissue  of  the  villus  consists  of  a  reticulum  of 
fibrils  with  endothelial  plates  at  its  nodes.  The  spaces  of  the  adenoid  tissue  form 
a  sponc^y  network  of  inter-communicating  channels  containing  stroma-cells  or  leu- 
cocytes^ (fig.  250,  A,  €,  e)  These  leucocytes  or  lymph-corpuscles  have  been  seen  to 
contain  fatty  granules.  •  xi, 

[The  stroma  is  relatively  larger  in  amount  in  relation  to  the  epithelium  m  tüe 
dog  (fig.  259)  and  cat  than  in  the  rabbit  and  guinea-pig.  In  the  stroma  are  spaces 
which  contain  leucocytes  of  various  kinds  and  phagocytes.  Coloration  with  ^londi  s 
fluid  (p  380)  enables  one  to  single  out  the  varieties  of  these  cells,  some  of  which 
wander  out  into  and  between  the  epithelial  cells.  The  spaces  also  contain  a  coagul- 
able  fluid.    The  capillaries  are  arranged  close  under  the  epithelium  (fig.  259,  c)  \ 

The  lymphatic  or  lacteal 
lies  in  the  axis  of  the  villus 
(fig.  252,  d).  Some  regard  the 
lacteal  merely  as  a  space  in  the 
centre  of  the  villus,  but  more 
probably  it  has  a  distinct  wall 
composed  of  endothelial  cells,  - 
with  apertures  or  stomata  here 
and  there  between  the  cell- 
plates.  These  stomata  place 
the  interior  of  the  lacteal  in 
direct  communication  with  the 
spaces  of  the  adenoid  tissue. 
Perhaps  white  blood-corpuscles 
wander  out  of  the  blood-vessels 
of  the  villi  into  the  spaces  of 
the  adenoid  tissue,  where 
they  become  loaded  with  fatty 
granules,  and  pass  into  the 
central  lacteal.  Zuwarykin  and 
Wiedersheim  suppose  that  the 
leucocytes  pass  from  the  paren- 
chyma of  the  villus  towards 
the  epithelial  layer,  and  even 
between  the  epithelial  cells. 


Capillary. 


Artery. 


Fig.  251. 

Injected  blood-vessels  of  a  villus, 
from  which  they  return  towards  the  axis  of  the  villus,  laden  with  substances  which 
they  have  taken  into  their  interior  (§  192,  II.).  [This  however  is  highly  doubtful.] 
A  small  artery  placed  eccentrically  passes  into  each  villus  (fig.  251).  In  man 
it  begins  to  divide  about  the  middle  of  the  villus,  but  in  animals  it  usually  runs  to 
the  apex  before  it  divides.  The  capillaries  resulting  from  the  division  of  the  artery 
form  a  fine  dense  network  placed  superficially,  immediately  under  the  epithelium 
of  the  surface.    The  blood  is  carried  out  of  a  villus  by  one  or  two  veins  (figs.  251, 

"^Non-striped  muscular  fibres  are  present  in  villi.  They  are  arranged  longitudi- 
nally in  several  bundles  from  base  to  apex  immediately  outside  the  central  lacteal. 


Sec.  190.] 


VILLI  AND  LIEBERKÜHN'S  GLANDS. 
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[Each  bundle  is  surrounded  Ly  a 
they  tend  to  empty  the  lacteal. 
A  few  muscular  fibres  are  placed 
more  superficially  and  run  in  a 
more  transverse  direction.  [The 
longitudinal'  bundles  of  non- 
striped  muscle  in  the  villi  are 
connected  together  by  oblique 
strands ;  while  the  longitudinal 
bundles  shorten  the  villus,  the 
oblique  fibres  keep  the  lacteal 
open ;  thus  the  parenchyma  of 
the  villus  is  also  compressed 
transversely,  whereby  the  pro- 
ducts of  absorption  are  forced 
into  the  lacteal.  The  muscles 
are  fixed  by  cement  to  the  sub- 
epithelial basal  membrane.  The 
muscular  fibres  of  the  villi  are 
direct  prolongations  of  the  mus- 
cularis  mucosae.] 

Nerves  pass  into  the  villi  from 
Meissner's  plexus  lying  in  the 
sub-mucous  coat.  The  nerves,  to 
the  villi  are  said  to  have  small 
granular  ganglionic  cells  in  their 
course,  and  they  terminate  partly 
in  the  muscular  fibres  and  partly 
in  the  arteries  of  the  villi. 


connective-tissue  sheath.]    When  they  contract 


Fig.  252 

Mucous  membrane  of  the  small  intestine  of  the  dog  ; 
the  lacteals  are  black,  and  the  blood-vessels  lighter. 
a,  artery  ;  h,  lymphatic  ;  c,  plexus  of  capillaries  in  the 
villi ;  d,  lacteal  ;  c,  Lieberkühn's  glands. 


On  making  a  vertical  section  of  the  mucous  membrane  of  the  small;  intestine 

the  villi,  and  viin  with  I)lood-vessels  injected. 


one  sees  tne  villi, 
under  them  a  network 
of  adenoid  tissue  loaded 
with  leucocytes.  This 
tissue  forms  its  basis, 
and  in  it  are  placed 
vertically  side  by  side, 
like  test-tubes  in  a  stand, 
immense  numbers  of 
simple  tubular  glands — 
the  crypts  or  glands  of 
Lieberkühn  (fig.  249).] 
[Kultschitzki  finds  that 
the  connective  -  tissue 
framework  of  the  mucous 
membrane  of  the  small 
intestine  is  not  true 
adenoid  tissue,  but  a 
transition  form  between 
the  latter  and  loose 
fibrous  tissue.]  Lieber- 
kühn's glands  open 
above  at  the  bases  of  the 


Solitary  follicle. 


Muscular 
coat. 


Fig.  253. 

Transverse  section  of  duodenum  of  a  rabbit  injected,  x  50. 
villi,  while  their  closed  lower  extremity  reaches  almost  to  the  muscularis  mucosae. 
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brunner's  glands  and  solitary  follicles.      [Sec.  190. 


Each  tube  consists  of  a  basement  membrane  lined  by  a  single  layer  of  columnar 

epithelium,  leaving  a  wide 
lumen,  the  cells  lining  them 
iDeing  continuous  with  those 
that  cover  the  mucous  mem- 
brane. Many  of  the  cells 
exhibit  mitotic  figures,  i.e., 
they  are  about  to  divide. 
Some  goblet-cells  are  often 
found  between  the  columnar 
epithelium.  Immediately 
IdcIow  the  bases  of  the 
follicles  of  Lieberkühn  is  the 
muscularis  mucosse,  consist- 
ing of  two  or  three  narrow 
layers  of  non-striped  muscular 
fibres  arranged  circularly  and 
longitudinally.  [It  is  con- 
tinuous with  the  muscularis 
mucosse  of  the  stomach,  and 
extends  throughout  the  whole 
intestine,  not  as  a  continuous 
layer,  but  as  a  close  network 
of  bundles  of  smooth  muscle. 
It  sends  fibres  upwards  into 
the  villi  (fig.  254  e).] 

[Brunner's    glands  are 
compound  tubular  glands  lying  in  and  confined  to  the  sub-mucous  coat  of  the 
duodenum  (figs.  214,  238).    Their  ducts  perforate  the  muscularis  mucosae  to  open 
'  ^  '  on     the  surface. 

They  seem  to  be 
the  liomologues  of 
the  pyloric  glands 
of  the  stomach  (fig- 
214).] 

[Solitary  Fol- 
licles are  small 
round  or  oval  white 
masses  of  adenoid 
tissue  (-5-2  mm.  in 
diameter),  with 
their  deeper  parts 
embedded  in  the 
submucosa,  and 
their  apices  project- 
ing into  the  mucosa 
of  the  intestine. 
They  begin  at  the 
pyloric  end  of  the 
stomach,    and  are 

Diasram  of  a  vertical  section  of  the  mucous  membrane  of  the  small  found  throughout 
•  -i-.j..-  V  „  A —  -Hio  r>lr.Qo/l  f<->nir.lPB    an.  nart  of  a  Fever's   n        n  .•-j.„^j-:  


Fig.  254. 

Section  of  a  solitary  follicle  of  the  small  intestine  (human), 
a,  lymph-follicle  covered  with  epithelium  (&) ;  but  the 
villi,  c,  are  denuded  of  epithelium  ;  d,  Lieberkuhn's  fol- 
licle ;  c,  muscularis  mucosae  ;  /,  sub-mucous  tissue. 


Fig.  255 


'laUlttlH      <JX      a     VtllAV/Cii       OV/V^l/lV/ii  vy»     

intestine  of  a  dog,  showing  the  closed  follicles,  aa,  part  of  a  1  eyer 
patch  ;     muscularis  mucoste. 


the  whole  intestine 
— small  and  large. 

They  consist  of  small  masses  of  adenoid  tissue  loaded  with  leucocytes  (fig.  254).  The 
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:small,  round,  or  oval  masses  at  first  lie  in  the  mucous  coat,  tlieir  apex  covered  by 
the  e^jithelium,  with  few  goblet-cells,  while  their  outer  part  rests  on  the  muscu- 
laris  mucosse.  As  they  develop,  they  grow  outwards  through  the  muscularis 
mucosae,  and  penetrate  into  the  sub-mucous  coat,  so  that  they  l^ecome  pear-shaped, 
the  narrow  end  of  the  pear  being  directed  towards  and  covered  by  the  epithelium 
■of  the  gut.  At  the  same  time  Lieberkühn's  glands  are  pressed  aside  and  no  villi 
lie  over  the  follicles.  In  the  centre  of  each  is  a  germ-centre,  where  the  leuco- 
cytes often  exhibit  mitosis.  INIany  of  the  leucocytes  wander  out  l:)etween  the 
epithelial  cells  just  as  in  the  tonsil,  They  are  well  supplied  with  l^lood-vessels 
(§  197),  although  no  lymphatic  vessels  enter  them.  They  are  surrounded  by 
lymphatics,  and,  in  fact,  they  may  be  said  to  hang  into  a  lymph-stream.  The 


Fig.  256. 

Scheme  of  the  blood-vessels  of  the  small  intestine.    Arteries  red,  veins  blue.    The  various 
coats  are  shown  schematically,    s,  villi. 

distribution  of  solitary  follicles  is  fairly  uniform  in  the  small  intestine  ;  their 
number  generally  increases  from  the  stomach  to  the  large  intestine ;  although  there 
are  considerable  variations  in  different  individuals,  there  seems  to  be  the  same 
number  of  solitary  follicles  and  Peyer's  patches  in  the  infant  as  in  the  adult. 
[Peyer's  patches,  or  agminated  glands,  consist  of  groups  (10-80  or  more) 
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of  lymph-follicles,  lying  side  by  side  like  the  foregoing  (figs.  249,  255).  The 
masses  are  often  more  or  less  fused  together,  their  bases  lie  in4;he  sub-mucosa,  while 
their  sinnmits  project  into  the  mucosa,  where  they  are  covered  merely  by  the 
columnar  epithelium  of  the  intestine.  The  lymph-corpuscles  often  pass  between 
the  epithelial  cells.  The  patches  so  formed  have  their  long  axis  in  the  axis  of  the 
intestine,  and  they  are  always  placed  opposite  the  attachment  of  the  mesentery. 
Like  the  solitary  glands,  they  are  well  supplied  with  blood-vessels,  while  around 
them  is  a  dense  plexus  of  Ivmphatics  or  lacteals.  They  are  most  abundant  m  the 
lower  part  of  the  ileum.    These  glands  are  specially  affected  in  typhoid  fever. J 

[Blood-vessels  of  the  smaU  intestine  (hg.  256).— Branches  of  the  mesenteric 
arteries  from  between  the  two  layers  of  the  peritoneum  reach  the  intestine,  and 
ramify  under  the  serous  coat.  At  intervals  they  penetrate  the  longitudinal  and 
circular  muscular  coats,  giving  off  branches  of  supply  to  these  as  they  pass.  Fairly 
laro-e  branches  enter  the  sub-mucous  coat  and  ramify  in  it,  and  from  these  hue 


Fig.  257. 

Longitudinal  section  of  the  large  intestine. 

branches  arise,  which  run  vertically,  and  form  a  rich  plexus  around  Lieberkühn's 
glands,  while  another  branch  ascends  in  each  villus  as  already  described.  _  The 
blood  is  returned  by  corresponding  veins.  Mall  has  shown  that  small  capillary 
venous  plexuses  exist  in  the  sub-mucous  coat.  The  mucous  coat  is  far  more 
vascular  than  the  muscular.] 

[Nerves  of  the  intestine.— The  nerves  of  the  small  intestine  come  from  the 
superior  mesenteric  plexus,  and  pass  along  the  branches  of  the  superior  mesenteric 
artery.  The  large  intestine  is  supplied  by  branches  from  the  inferior  mesenteric 
and  hypogastric  plexuses.  The,  for  the  most  part,  non-medullated  nerve-fibres 
pass  from  the  vessels  to  the  intestine,  where  they  form  a  plexus  under  the  pen- 
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toneal  coat  of  the  gut  and  from  this  branches  penetrate  the  muscular  coat  to  form 
Auerbach's  plexus.  This  jdIcxus  exists  throughout  the  whole  intestinal  tract, 
lying  between  the  longitudinal  and  circular  muscular  coats  (figs.  205,  206).  This 
plexus,  with  angular  or  polygonal  meshes,  consists  of  non-medullated  nerves  with 
groups  of  multipolar  ganglionic  cells  at  the  nodes.  Fibres  are  given  off  by  it  to 
the  muscular  coats.  Connected  by  branches  with  the  foregoing,  and  lying  in  the 
sub-mucosa,  is  the  plexus  of  Meissner,  which  is  much  finer,  the  meshes  being  Avider, 
the  nodes  smaller,  but  also  provided  with  ganglionic  cells.  It  supplies  the  muscular 
fibres  and  arteries  of  the  mucosa,  including  those  of  the  villi.  It  also  sends 
branches  to  Lieberktihn's  glands  (fig.  207).] 

[Structure  of  the  Large  Intestine.— It  has  four  coats,  like  those  of  the  small 
intestine.  The  serous  coat  has  the  same  structure  as  that  of  the  small  intestine. 
The  muscular  coat  has  external  longitudinal  fibres  occurring  all  round  the  gut,  l;)ut 
they  form  three  flat  ribbon-like  longitudinal  bands  in  the  csecum  and  colon 
(fig.  257).  Inside  this  coat  are  the  circular  fibres.  The  sub-mucosa  is  practically 
the  same  as  that  of  the  small  intestine.  The  mucosa  is  distinguished  by  negative 
characters.  It  has  no  villi  and  no  Peyer's  patches,  but  otherwise  ^  it  resembles 
structurally  the  small  intestine,  consisting  of  a  basis  of  adenoid  tissue  with  the  simple 
tubular  glands  of  Lieberkühn  (fig.  239).  These  glands  are  very  numerous  and 
somewhat  longer  than  those  of  the  small  intestine,  and  they  always  contain  far  more 
goblet-cells— about  ten  times  as  many.  The  cells  lining  them  are  devoid  of  a  clear 
disc.  Solitary  glands  occur  throughout  the  entire  length  of  the  large  intestine. 
At  the  bases  of  Lieberkühn's  glands  is  the  muscularis  mucosae.  The  blood- 
vessels and  nerves  have  a  similar  arrangement  to  those  in  the  stomach.] 

[Blood- Vessels. — On  looking  down  on  an  opaque  injection  of  the  mucous  membrane 
of  the  stomach,  one  sees  a  dense  meshwork  of  polygonal  areas  of  unequal  size,  with 
depressions  here  and  there.  The  orifices  are  the  orifices  of  the  gastric  glands,  each 
surrounded  by  a  capillary.  A  somewhat  similar  appearance  is  seen  in  an  opaque 
injection  of  the  mucous  membrane  of  the  large  intestine,  but  in  the  latter  the  mesh- 
work is  uniform,  all  the  orifices  (of  Lieberkühn's  glands)  being  of  the  same  size.] 

191.  ABSORPTION  OF  THE  DiaESTED  FOOD.— The  physical  forces  con- 
cerned are  : — endosmosis,  diffusion,  and  filtration. 

All  the  constituents  of  the  food,  with  the  exception  of  the  fats,  which  in  part  arc  changed 
into  a  fine  emulsion,  are  brought  into  a  state  of  solution  by  the  digestive  processes.  These 
substances  pass  through  the  walls  of  the  intestinal  tract,  either  into  the  blood-vessels  of  the 
mucous  membrane  or  into  the  beginning  of  the  lymphatics.  In  this  passage  of  the  fluids  two 
physical  processes  come  into  play — endosmosis  and  di fusion  as  well  as  ßltratio7i. 

I.  Endosmosis  and  diffusion  occur  between  two  fluids  which  are  capable  of  forming  an  inti- 
mate mixtui'e  with  each  other,  e.g.,  hydrochloric  acid  and  water,  but  never  between  two  fluids 
which  do  not  form  a  perfect  mixture,  such  as  oil  and  water.  If  two  fluids  capable  of  mixing 
with  each  other,  but  of  difl'erent  compositions,  be  separated  from  each  other  by  means  of  a  septum 
with  physical  pores  (which  occur  even  in  a  homogenous  membrane),  an  exchange  of  the  constitu- 
ents in  the  fluids  occurs  until  both  fluids  have  the  same  composition.  This  exchange  of  fluids 
is  termed  endosinosis  or  diosmosis. 

Diffusion. — If  the  two  miscible  fluids  are  placed  in  a  vessel,  the  one  fluid  over  the  other,  but 
without  being  separated  by  a  porous  septum,  an  exchange  of  the  particles  of  the  fluids  also  occurs, 
until  the  whole  mixture  is  of  uniform  composition.    This  process  is  called  liquid  diffusion. 

Conditions  influencing  Diffusion. — Graham's  investigations  showed  that  the  rapidity  of 
diffusion  is  influenced  by — (1)  The  nature  of  the  fluids  themselves  ;  acids  difl"use  most  rapidly  ; 
the  alkaline  salts  more  slowly  ;  and  most  slowly,  fluid  albumin,  gelatin,  gum,  dextrin.  These 
last  do  not  crystallise,  and  perhaps  do  not  form  true  solutions.  (2)  The  more  concentrated  the 
solutions,  the  greater  the  diff"usion.  (3)  Heat  accelerates,  while  cold  retards,  the  process.  (4) 
If  a  solution  of  a  body  which  diffuses  with  difficulty  be  mixed  with  an  easily  diffusible  one,  the 
former  difl'uses  with  still  greater  difficulty.  (5)  Dilute  solutions  of  several  substances  diffuse 
into  each  other  without  any  difficulty,  but  if  concentrated  solutions  are  employed,  the  process 
is  retarded.  (6)  Double  salts,  one  constituent  of  which  diffuses  more  readily  than  the  other, 
may  be  chemically  separated  by  diffusion. 

Endosmometer. — The  exchange  of  the  fluid-particles  takes  place  independently  of  the 
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hydrostatic  pressure.  An  endosmometer  (fig.  258)  consists  of  a  glass  cylinder  filled  with 
distilled  water,  and  into  this  is  placed  a  flask,  J,  without  a  bottom,  instead  of  which  a  mem- 
brane, m,  is  tied  on.  A  glass  tube,  R,  is  fixed  firmly  by  means  of  a  cork  into  the  neck  of  the 
flask.  The  flask  is  filled  up  to  the  lower  end  of  the  tube  with  a  concentrated  salt  solution,  and 
is  then  placed  in  the  cylindrical  vessel  until  both  fluids  are  on  the  same  level,  x.  The  fluid  in 
the  tube,  R,  soon  begins  to  rise,  because  water  passes  through  the  membrane  into  the  concen- 
trated solution  in  the  flask,  and  this  independently  of  the  hydrostatic  pressm-e.  Particles  of 
the  concentrated  salt  solution  pass  into  the  cylinder  and  mix  with  the  water,  F.  These  out- 
going and  ingoing  currents  continue  until  the  fluids  without  and  within  J  are  of  uniform 
composition,  whereby  the  fluid  in  R  always  stands  higher  {e.g.,  hi  y),  while  it  is  lowered  in 
the  cylinder.  The  circumstance  of  the  level  of  the  fluid  within  the  tube  being  so  high,  and 
remaining  so,  is  due  to  the  fact  that  the  pores  in  the  membrane  are  too  fine  to  alloAV  the 
hydrostatic  pressure  to  act  through  them. 

'Endosmotic  Equivalent. —Experiment  has  shown  that  equal  weights  of  difl'erent  soluble 
substances  attract  diff"erent  amounts  of  distilled  water  through  the  membrane,  i.e.,  a  known 
weight  of  a  soluble  substance  (in  the  flask)  can  be  exchanged  by  endos- 
mosis  for  a  definite  weight  of  water.  The  term  "endosmotic  equivalent" 
indicates  the  weight  of  distilled  water  that  passes  into  the  flask  of  the 
endosmometer,  in  exchange  for  a  known  weight  of  the  soluble  substance 
{Jolly).  For  1  grm.  alcohol  4-2  grms.  water  were  exchanged;  while  for 
1  grm.  NaCl,  4-3  grms.  water  passed  into  the  endosmometer.  The 
following  numbers  give  the  endosmotic  equivalent  of 


Magnesium  sulphate, 
Potassium  sulphate,  . 
Sulphuric  acid, 
Potassium  hydrate,  . 


117 
12-0 
:  0-39 
215-0 


Acid  potassium  sulphate,   =  2*3 
Common  Salt,        .       .   =  4*3 
Sugar,    .       .       .       .   =  7-1 
Sodium  sulphate,  .       .  =11"6 
The  amount  of  the  substance  which  passes  through  the  membrane  into 
the  water  of  the  cylinder  is  proportional  to  the  concentration  of  the 
solution.    If  the  water  in  the  cylinder,  therefore,  be  repeatedly  renewed, 
the  endosmosis  takes  place  more  rapidly  and  the  process  of  equilibration 
is  accelerated.    The  larger  the  pores  of  the  membrane,  and  the  smaller  the 
molecules  of  the  substance  in  solution,  the  more  rapid  is  the  endosmosis. 
Hence,  the  rapidity  of  endosmosis  of  diflerent  substances  varies,  e.g.,  the 
rapidity  of  sugar,  sodium  sulphate,  common  salt,  and  urea  is  in  the  ratio 
of  1  :  1-1  :  5  :  9-5. 

TJie  endosmotic  equivalent  is  not  constant  for  each  substance.  It  is 
influenced  by— (1)  The  temperature,  which,  as  it  increases,  generally 
increases  the  endosmotic  equivalent.  (2)  It  also  varies  with  the  degree 
of  concentration  of  the  osmotic  solutions,  being  greater  for  dilute  solutions 
of  the  substances. 

If  a  substance  other  than  water  be  placed  in  the  cylinder,  an  endosmotic 
current  occurs  on  both  sides  until  complete  equality  is  obtained.  In  this 
X  case,  the  currents  in  opposite  directions  disturb  each  other.  If  two  sub- 
stances  be  dissolved  in  the  water  in  the  flask  at  the  same  time,  they  diffuse 
into  water  without  affecting  each  other.  (3)  It  also  varies  with  membranes 
of  varying  porosity.  Common  salt,  which  gives  an  endosmotic  equivalent 
with  a  pig's  bladder  =  4 "3  gives  Q'i  when  an  ox  bladder  is  used  ;  2*9  with 
a  swimming  bladder;  and  20-2  with  a  collodion  membrane. 

Colloids.— There  are  many  fluid-substances  which,  on  account  of  the  great  size  of  their  mole- 
cules, do  not  pass,  or  pass  only  with  difficulty,  through  the  pores  of  a  membrane  impregnated 
with  gelatinous  bodies,  which  diffuse  slowly.  These  substances  are  not  actually  in  a  true  state  of 
solution,  but  exist  in  a  very  dilute  condition  of  imbibition.  Such  substances  are  the  fluid  Pro- 
teids, starches,  dextrin,  gum,  and  gelatin.  These  diffuse  when  no  septum  is  present,'but  diffuse 
with  difficulty  or  not  at  all  through  a  porous  septum.  Graham  called  these  substances  colloids, 
because,  when  concentrated,  they  present  a  glue-like  or  gelatinous  appearance ;  further  they  do 
not  crystallise,  while  those  substances  which  diffuse  readily  are  crystalline,  and  are  called  crystal- 
loids. Crystallisable  substances  may  be  separated  from  non-crystallisable  by  this  process,  which 
Graham  called  dialysis.    Mineral  salts  favour  the  passage  of  colloids  through  membranes. 

That  endosmosis  and  diffusion  take  place  in  the  intestinal  tract,  through  the 
nuTcous  membrane  and  the  delicate  membranes  of  the  blood-  and  lymph-capillaries, 
cannot  be  denied.  On  the  one  side  of  the  membrane,  within  the  intestine,  are 
relatively  concentrated  solutions  of  highly  ditfusible  salts,  peptones,  sugar,  and 
soaps,  and  within  the  blood-vessels  are  the  colloids,  which  are  scarcely  diffusible, 
e.g.,  the  Proteids  of  blood  and  lymph.      ,  .  . 


Fig.  258. 
Endosmometer. 
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II.  Filtration  is  the  passage  of  fluids  through  the  coarse  intermolecular  pores  of  a  membrane 
owing  to  pressure.  The  greater  the  pressure,  and  the  Larger  and  more  numerous  the  pores, 
the  more  rapidly  does  the  fluid  pass  through  the  membrane  ;  increase  of  temperature  also 
accelerates  it.  Those  substances  which  are  imbibed  by  the  membrane  filter  most  rapidly,  so 
that  the  same  substance  filters  through  diflerent  membranes  with  varying  rapidity.  The  filtra- 
tion is  usually  slower,  the  greater  the  concentration  of  the  fluid.  The  filter  has  the  property  of 
retaining  some  of  the  substances  from  the  solution  passing  through  it,  e.g.,  colloid  substances— 
or  water  (in  dilute  solutions  of  nitre).  In  the  former  case,  the  filtrate  is  more  dilute,  in  the 
latter  more  concentrated,  than  before  filtration.  Other  substances  filter  without  undergoing 
any  change  of  concentration.  Many  membranes  behave  differently,  according  to  which  surface 
is  iplaced  next  the  fluid  ;  thus  the  shell-membrane  of  an  egg  permits  filtration  only  from  with- 
out inwards  ;  [and  the  same  is  true  to  a  much  less  extent  with  filter-paper  ;  the  smooth  side  of 
the  filter-paper  ought  always  to  be  placed  next  the  fluid  to  be  filtered.  The  intact  skin  of  the 
grape  prevents  the  entrance  of  fungi  into  the  fruit.]  There  is  a  similar  diö"erence  with  the 
gastric  and  intestinal  mucous  membrane.  .     i  • 

[By  using  numerous  layers  of  filter-paper,  many  colloids  and  crystalloids  are  retained  m  the 
filter,  e.g.,  hemoglobin,  albumin,  and  many  colouring  matters,  especially  aniline  colours,  the 
last  being  arrested  by  glass-wool  {Krysinski).] 

[Filtration  of  Albumin.— Kuneberg  finds  that  the  amount  of  albumin  in  pathological  transu- 
dations varies  with  (1)  the  cajnllary  area,  being  least  in  cedema  of  the  subcutaneous  tissue. 
(2)  The  presence  or  absence  of  inflammatory  processes  in  the  vascular  wall,  non-inflammatory 
pleuritic  eff"usion  containing  2  per  cent.,  and  inflammatory  6  per  cent.,  of  albumin.  (3)  The 
condition  and  amount  of  albumin  in  the  blood.  The  amount  of  albumin  in  the  transudate  never 
reaches,  although  it  sometimes  approaches,  that  in  blood.  In  ascites  in  general  dropsy  the 
amount  is  -03  to  "04  per  cent.  (4)  The  duration  of  the  transudation.  (5)  Perhaps  the  blood- 
pressure  and  the  condition  of  the  circulation.] 

Filtration  of  the  soluble  substance  may  take  place  from  the  canal  of  the 
digestive  tract  when  : — (1)  The  intestine  contracts  and  thus  exerts  pressure  upon  its 
contents.  This  is  possible  when  the  tube  is  narrowed  at  two  points,  and  the 
musculature  between  these  two  points  contracts  upon  the  fluid-contents.  (2) 
Filtration,  under  negative  pressure,  may  be  caused  by  the  villi  (Brücke).  When 
the  villi  contract  energetically,  they  empty  their  contents  towards  the  blood-  and 
lymph-vessels.  The  lacteal  remains  empty,  as  the  chyle  is  prevented  from  passing 
backwards  into  the  origin  of  the  lacteal  Avithin  the  villi,  owing  to  the  presence  of 
numerous  valves  in  the  lymphatics.  When  the  villi  relax,  they  are  refilled  with 
fluids  from  the  intestine. 

192.  ABSORPTION  BY  THE  INTESTINAL  WALL.— I.  True  solutions 
undoubtedly  pass  by  endosmosis  into  the  blood-vessels  and  lymphatics  of  the 
intestinal  walls,  but  numerous  facts  indicate  that  the  protoplasm  of  the  cells  takes 
an  active  part  in  the  process  of  absorption.  The  forces  concerned  have  not  as  yet 
been  proved  to  be  purely  physical  and  chemical  in  their  nature. 

(1)  Inorganic  Substances. — Water  and  the  soluble  salts  necessary  for  nutrition 
are  easily  absorbed,  the  latter  especially  by  the  blood-  and  lymph- vessels.  When 
saline  solutions  pass  by  endosmosis  into  the  vessels,  water  must  pass  from  the  intes- 
tinal vessels  into  the  intestine.  The  amount  of  water,  however,  is  small,  owing  to 
the  small  endosmotic  equivalent  of  the  salts  to  be  absorbed.  More  salts  are  absorbed 
from  concentrated  than  from  dilute  solutions.  If  large  quantities  of  salt,  with  a 
high  endosmotic  equivalent,  e.g.,  magnesium  or  sodium  sulphate,  are  introduced 
into  the  intestine,  these  salts  retain  the  water  necessary  for  their  solution,  and  may 
thus  cause  diarrhoea.  Conversely,  when  these  substances  are  injected  into  the 
blood,  a  large  quantity  of  water  passes  from  the  intestine  into  the  blood,  so  that 
constipation  occurs,  owing  to  dryness  of  the  intestinal  contents  (Auhert). 

[M.  Hay  concludes  from  his  experiments  (§  161)  that  salts,  when  placed  in  the  intestines, 
do  not  abstract  water  from  the  blood,  or  are  themselves  absorbed,  in  virtue  of  an  endosmotic 
relation  being  established  between  the  blood  and  the  saline  solution  in  the  intestines.  Absorp- 
tion is  probably  due  to  the  filtration  and  diffusion,  or  processes  of  imbibition  other  than  endos- 
mosis, as  yet  little  understood.  The  result  obtained  by  Aubert,  which  is  not  constant,  is  mostly 
caused  by  the  great  diuresis  which  the  injected  salt  excites.]  The  absorption  of  fluids  takes 
place  best  at  a  medium  pressure  of  80  to  140  cm.  of  water  within  the  intestine  ;  higher  pressure 
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compresses  the  blood-vessels  and  diminishes  the  absorption.  During  digestion,  owing  to  the 
dilatation  of  the  vessels,  absorption  is  more  rapid.  The  fact  that  O'S  per  cent,  solution  of 
NaCl  is  absorbed  better  than  water,  and  soda  solution  than  potash  solution,  seems  to  show  that 
physical  forces  are  not  the  only  factors  concerned. 

Numerous  inorganic  substances,  which  do  not  occur  in  the  body,  are  absorbed  by  endosmosis 
from  the  intestine,  e.g.,  dilute  sulphuric  acid,  potassium  iodide,  chlorate,  and  bromide,  and 
many  other  salts. 

[That  the  water  passes  chiefly  into  the  blood-capillaries,  and  only  a  small  amount 
by  the  lacteals,  appears  to  be  due  to  the  superficial  position  of  these' capillaries 
immediately  under  the  epithelium  of  the  villus  (fig.  259,  c).    If  water  be  injected 


Fig.  259. 

Transverse  section  of  an  intestinal  villus  (dog).    I,  lacteal  ;  c,  capillaries  ;  m,  muscular  fibres. 

into  a  loop  of  intestine  in  the  dog,  and  a  fistula  made  on  the  thoracic  duct  so  as  to 
collect  the  chyle,  the  chyle-stream  is  but  slightly  increased  during  the  absorption 
of  the  water  from  the  intestine,  so  that  perhaps  a  large  part  of  the  fluid  of  the 
chyle  is  derived  from  the  lymph  formed  by  the  capillaries  of  the  villi.  The  water 
appears  to  pass  between  the  cells,  as  well  as  through,  the  cell  protoplasm. 

Physical  forces,  e.g.,  difi"usion,  do  not  seem  to  yield  a  satisfactory  explanation  of 
the  absorption  of  water  from  the  intestine.  If  a  solution  of  grape-sugar  and  sodic 
sulphate  be  injected  into  a  loop  of  intestine,  the  whole  of  the_  former  is  absorbed, 
but  there  always  remains  a  considerable  amount  of  the  latter  in  the  gut,  although 
sodic  sulphate  has  a  higher  rate  of  diffusion  than  grape-sugar.  Indeed,  for  many 
soluble  substances  {e.g.,  pigments)  the  epithelium  is  quite  impervious. 

As  a  general  rule,  soluble  substances  pass  in  the  same  way  as  the  water,  i.e.,  into 
the  blood-vessels.] 

(2)  The  soluble  carbohydrates,  such  as  the  sugars,  of  which  the  chief  repre- 
sentatives are  maltose  and  dextrose,  with  a  relatively  high  endosmotic  equivalent. 
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Cane-sugar  is  changed  by  a  special  ferment  into  invert-sugar  (§  183,  5).  Absorption 
appears  to  take  place  somewhat  slowly,  as  only  very  small  quantities  of  grape-sugar 
are  found  in  the  chyle  vessels,  or  the  portal  vein,  at  any  time.  According  to 
V.  Mering,  the  sugar  passes  from  the  intestine  into  the  rootlets  of  the  portal  vein  ; 
dextrin  is  also  said  to  occur  in  the  portal  vein.  [This  latter  statement  is  highly 
doubtful]  When  the  blood  of  the  portal  vein  is  boiled  with  dilute  sulphuric  acid 
the  amount  of  sugar  is  increased.  [There  is  no  proof  that  the  carbohydrates  are 
absorbed  in  any  other  form  than  sugar.]  The  amount  of  sugar  absorbed  depends 
upon  the  concentration  of  its  solution  in  the  intestine  ;  hence  the  amount  of  sugar 
in  the  blood  is  increased  after  a  diet  containing  much  of  this  substance,  so  that  it 
may  appear  in  the  urine  ;  in  which  case  the  blood  must  contain  at  least  0*6  per 
cent,  of  sugar.  A  small  amount  of  cane-sugar  has  also  been  found  in  the  blood 
{CI.  Bernard).  If  a  large  quantity  of  sugar  be  present  in  the  intestine  a  part 
passes  into  the  lymphatics  or  lacteal  {Ginsberg).  The  sugar  is  used  up  in  the  bodily 
metabolism  ;  some  of  it  is  perhaps  oxidised  in  the  muscles  (§  176). 

[Injection  of  sugar  into  blood. — Lactose  when  injected  into  a  vein  is  excreted  unchanged  in 
the  urine,  but  galactose  is  almost  completely  assimilated,  only  a  trace  appearing  in  the  urine. 
Lactose,  therefore,  requires  to  be  changed  in  the  intestinal  canal  before  it  can  be  assimilated 
(Dastre).    Cane-sugar  is  excreted  in  tlie  urine  as  a  foreign  body.    Grape-sugar  (p.  324).] 

(3)  The  peptones  have  a  small  endosmotic  equivalent,  a  2  to  9  per  cent,  solu- 
tion =  7  to  10  [while  albumin  has  100].  Owing  to  their  great  diffusibility  they 
are  readily  absorbed,  and  they  are  the  chief  representatives  of  the  proteids  which 
are  absorbed.  The  amount  absorbed  depends  upon  the  concentration  of  their 
solution  in  the  intestine.  [According  to  Plosz  and  Györgyai,  DrosdofF  and 
Schmidt-Mulheim,  peptones  occur  only  in  traces  in  the  blood  of  the  portal  vein. 
Is^eumeister,  however,  using  the  best  methods,  finds  that  although  peptones  are 
abundant  in  the  intestine,  not  a  trace  of  peptone  or  of  the  albumoses  is  found 
either  in  the  blood  or  lymph.  This  coincides  with  Hofmeister's  researches.  As 
no  peptones  or  albumoses  have  been  found  in  the  blood,  and  as  they  can  compen- 
sate for  the  total  metabolism  of  the  proteids  within  the  body,  we  must  assume  that 
they  are  rapidly  converted  into  true  albuminous  bodies,  somewhere  between  the 
cavity  of  the  intestine  and  the  blood-stream,  i.e.,  in  the  wall  of  the  intestine  itself.] 
Hofmeister  supposes  that  the  leucocytes  absorb  the  peptones  and  act  as  their 
carriers,  much  as  the  red  corpuscles  are  oxygen  carriers.  They  carry  the  peptones 
into  the  mucous  membrane  of  the  stomach  and  small  intestine,  which  are  very 
rich  in  peptone  at  the  fourth  hour  of  digestion.  [The  number  of  leucocytes  is 
greatly  increased  in  the  mucous  membrane,  especially  in  the  stomach  and  upper 
part  of  the  duodenum,  during  digestion,  and  diminished  during  fasting  in  dogs 
and  cats.  The  same  is  the  case  with  the  lymph-follicles,  the  cells  of  which  are 
formed  by  the  division  of  the  pre-existing  cells.  [Thus  the  mucous  membrane 
possesses  the  property  of  changing  peptone  into  albumin  {SalvioU).  Heidenhain 
regards  the  epithelium  of  the  villi  as  the  seat  of  these  changes.  He  supposes  that 
the  epithelium  covering  the  villi  reconvert  the  peptone  into  albumin,  and  give  it 
up  to  the  blood-capillaries  lying  immediately  below  the  epithelial  cells.  At  all 
events,  some  structures  in  the  mucous  membrane  are  capable  of  effecting  the  recon- 
version of  peptones  into  albumin.]  When  animals  are  fed  on  peptones  (with  the 
necessary  fat  or  sugar),  these  serve  to  maintain  the  body-weight. 

[It  was  formerly  stated  that  the  liver  possessed  the  power  of  converting  peptones  into 
albumin.  Neumeister  completely  disproved  this  view  by  perfusing  blood  containing  peptones 
through  an  excised  but  still  living  liver,  and  finding  that  no  such  change  was  effected.  Also  by 
injecting  peptones  and  albumoses  into  a  mesenteric  vein,  almost  all  the  peptone  was  excreted  by 
the  urine,  only  a  minute  quantity  being  found  in  the  small  intestine.] 

[If  a  loop  of  mesentery  be  excised,  and  blood  perfused  through  its  arteries,  i.e.,  an  artificial 
circulation  kept  up,  the  loop  will  live  for  some  time.  If  peptone  be  placed  in  the  cavity  of 
the  loop,  it  will  gradually  disappear  from  the  intestine,  nor  can  it  be  recovered  from  the  blood. 
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It  is  absorbed,  but  apparently  not  as  peptone.  It  is  not  changed  by  the  blood  for  peptone 
added  to  blood  before  it  is  perfused  can  be  recovered  from  the  blood  after  its  perfusion.  This 
experiment  also  points  to  the  peptone  being  changed  in  its  passage  through  the  wall  ot 
the  intestine  {Ludwig  and  Salvioli).]  _         ,    •  •    ^  j  •  ^         vi    ^    p  „v, 

riniectionof  Peptone  into  Blood. —When  peptone  is  slowly  injected  into  the  blood  ot  an 
animal,  within  a  short  time  thereafter  no  trace  of  the  peptone  is  to  be  found  in  the 
blood  liver,  spleen,  or  small  intestine,  and  only  traces  m  the  kidney.  It  is  rapidly 
excreted,  by  the  kidneys,  so  that  the  urine  is  like  a  solution  of  peptone.  It  a  large  quantity 
be  rapidly  iniected  the  rabbit  dies,  and  much  peptone  is  found  in  the  small  intestine.  It  would 
seem  as  if  the  kidneys  could  not  excrete  it  quick  enough,  with  the  result  that  it  passed 
into  the  intestine.  Peptones,  or  rather  albumoses,  so  injected  prevent  the  blood  of  the  dog 
(not  of  the  rabbit,  cat,  or  pig)  from  coagulating  (p.  36).  _  In_  large  quantity  they  are  fatal 
Five  cc  of  a  20  percent,  solution  in  O'ö  percent.  NaCl  solution  is  fatal  to  a  dog  weighing  about 
8  kilos  (17  lbs  ).  The  peptones  used  in  these  experiments  were  really  a  mixture  ot  peptones 
and  albumoses.  Neumeister  finds  that  in  the  dog,  when  albumoses  are  injected  into  the  blood 
thev  reappear  in  the  urine,  but  somewhere  in  the  body  they  undergo  hydration  in  the  sense  m 
which  peptic  digestion  causes  hydration.  The  two  primary  albumoses  reappear  almost  co: 
pletelv  as  deutero-albumose,  and  deutero-albumose,  when  introduced,  reappears  as  pept 
Peptone    however,  reappears  unchanged.    In  rabbits,  albumose  reappears  unchanged  in 


pletelv  as  deutero-albumose,  and  deutero-albumose,  when  introduced,  reappears  as  peptone. 
Peptone,  however,  reappears  unchanged.  In  rabbits,  albumose  reappears  unchanged  m  the 
urine.] 

(4)  Unchanged  true  proteids  filter  with  great  difficulty,  and  much  albumin 
remains  upon  the  filter.  On  account  of  their  high  endosmotic  equivalent  they  pass 
with  extreme  slowness,  and  only  in  traces,  through  memhranes.  Nevertheless  it 
has  been  conclusively  proved  that  unchanged  proteids  can  be  absorbed  {Brücke), 
eg  casein  soluble  myosin,  alkali-albuminate,  albumin  mixed  with  common  salt, 
o'el'atin  (Voif,  Bauer,  Eichlwrst).  They  are  absorbed  even  from  the  large  intestine 
ICzerny  and  Latsclienherger),  although  the  human  large  intestine  cannot  absorb 
more  than  6  grms.  daily.  But  the  amount  of  unchanged  proteids  absorbed  is 
always  very  much  less  than  the  amount  of  peptone. 

Other  Proteids.— Egg  albumin  without  common  salt,  syntonin,  serum-albumin  and  fibrin  are 
not  absorbed  from  the  intestine  (Bichhorst).  Landois  observed,  in  the  case  young  man 
who  took  the  whites  of  14  to  20  eggs  along  with  NaCl,  that  albumin  was  given  off  by  the  uune 
for  4  to  10  hours  thereafter.  The  amount  of  albumin  given  off  rose  until  the  thud  day  and 
ceased  on  the  fifth  day.  The  more  albumin  taken,  the  sooner  the  albuminuria  appeared,  and  the 
outer  "lasted  The  Lchanged  egg-albumm  reappeared  in  the  urine,  If  --^^Me^^^^^^^ 
be  iniected  into  the  blood,  part  of  it  reappears  in  the  urine,  [so  that  it  is  not  assimilated  by  the 
ti  Jiie  Before  this  can  occur  it  must  be  altered  in  the  digestive  tract  If  it  be  changed  into 
syntonin  or  into  alkali  albumin,  however,  and  then  injected  into  a  vein  (dog),  not  a  trace  of  these 
appears  in  the  urine,  so  that  they  seem  to  be  assimilated  m  the  blood-stream.  Casein  simi- 
larly iniected  causes  albuminuria,  so  that  the  changes  casein  undergoes  during  digestion  prevents 
irfiom  being  excreted  from  the  blood  by  the  kidneys  {Neumeister)  (§  41,  2),  {Stokvis,  Lehmann).] 

(5)  The  soluble  fat-soaps  represent  only  a  fraction  of  the  fats  of  the  food  which 
are  absorbed;  the  greater  part  of  the  neutral  fats  being  absorbed  m  the  form  ol 
very  fine  particles -as  an  emulsion  (§  192,  IL).  The  absorbed  soaps  have  been  pund 
in  the  chyle,  and  as  the  blood  of  the  portal  vein  contains  more  soaps  during  diges- 
tion than  during  hunger,  it  has  been  assumed  that  the  soaps  pass  into  the  intestinal 
blood-capillaries.    Still  only  a  very  small  amount  passes  into  the  blood  {J.  Münk). 

The  investigations  of  Lenz,  Bidder,  and  Schmidt  render  it  probable  ^^^^  ^^^^^.^If  ™ 
absorb  only  a  limited  amount  of  fat  within  a  given  period  ;  the  amount  perhaps  bears  a  relation 
to  the  amount  of  bile  and  pancreatic  juice.    The  maximum  per  kilo,  (cat)  was  0  6  gira.  ot  tat 

^llnjection  of  soaps  into  the  blood.-If  a  certain  amount  of  pure  oleate  of  ^oda  (soap)  per 
kilogram  weight  be  injected  into  a  vein  in  a  dog  or  rabbit,_  the  blood-pressure  f^Jl«  ^^J^^.f^^f^^^^^^^ 
take  place.  !f,  however,  the  soap  solution  be  injected  into  the  rootlets  of  t^e  POital  vem  t 
reauiresmuch  more  soap,  so  that  the  liver  appears  to  retain  a  large  part  ot  it,  or  ctic^nge  u 
chemically.  If  volatile  fatty  acids  (butyrate  of  soda)  be  injected  instead,  about  times  tlie 
amount  can  be  iniected.  Injection  of  soaps  into  the  blood  retards  the  coagulation  of  the  blood 
T^smne  ieiSts^^^^^^  ioap-injection  is  like  peptone-injection,  but  the  poisonous  action  of 
the  peptone  is  not  diminished  by  the  liver  as  is  the  case  with  the  soaps.  J 

The  o-reatest  amount  of  the  fats  in  the  intestine  are  conveyed  to  the  chyle  as 
neutraf  fats.    It  would  appear  that  the  soaps  reunite  with  glycerin  m  the  paren- 
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cliyma  of  the  villi,  to  form  neutral  fats,  as  Perewoznikoff  and  Will  found  neutral 
fats,  after  injecting  these  two  ingredients  into  the  intestinal  canal,  while  E^vald 
found  that  fat  was  formed  when  soaps  and  glycerin  were  brought  into  contact  with 
the  living  fresh  intestinal  mucous  membrane.  iSo  fatty  acids  are  found  in  blood 
(§  32,  II.)  or  chyle  (§  198). 

Absorption  of  other  Substances.  — Of  soluble  substances  which  are  introduced  into  the  intes- 
tinal canal,  some  are  absorbed  and  others  are  not.  The  following  are  absorbed  : — alcohol,  part 
of  Avhich  appears  in  the  urine  (not  in  the  expired  air),  viz.,  that  part  which  is  not  changed  into 
CO2  and  H2O,  within  the  body  ;  tartaric,  citric,  malic,  and  lactic  acids  ;  glycerin,  inulin  ;  gum 
and  vegetable  mucin,  which  give  rise  to  the  formation  of  glycogen  in  the  liver. 

Amongst  colouring  matters,  alizarin  (from  madder),  alkanat,  indigo-sulphuric  acid,  and  its 
soda-salt  are  absorbed  ;  heematin  is  partly  absorbed,  while  chlorophyll  is  not.  Metallic  salts 
seem  to  be  kept  in  solution  by  proteids,  are  perhaps  absorbed  along  with  them,  and  are  partly 
carried  by  the  blood  of  the  portal  veiu  to  the  liver  (ferric  sulphate  has  been  found  in  chyle). 
Numerous  poisons  are  very  rapidly  absorbed,  e.g.,  hydrocyanic  acid  after  a  few  seconds  ;  potas- 
siiim  cyanide  has  been  found  in  the  chyle.  [If  salts  (KI,  sulphocyanide  of  ammonium)  be 
injected  into  a  ligatured  loop  of  intestine  (dog,  cat,  rabbit),  these  substances  are  absorbed  both 
by  the  blood-  and  lymph-vessels,  and  iii  both  nearly  simultaneously.] 

Even  for  the  absorption  of  completely  fluid  substances,  endosmosis  and  filtration  seem  to  be 
scarcely  sufficient.  An  active  participation  of  the  protoplasm  of  the  cells  seems  here  also — in 
part  at  least— to  be  necessary,  else  it  is  difficult  to  explain  how  very  slight  disturbances  in  the 
activity  of  these  cells,  e.g.,  from  intestinal  catarrh,  cause  sudden  variations  of  absorption,  and 
even  the  passage  of  fluids  into  the  intestine. 

If  absorption  were  due  to  effiision  alone,  when  alcohol  is  injected  into  the  intestine,  water 
ought  to  pass  into  the  intestine,  but  this  does  not  occur.  Brieger  found  that  the  injection  of  a 
0-5  to  1  per  cent,  solution  of  salts  into  a  ligatured  loop  of  intestine  did  not  cause  water  to  pass 
into  the  intestine  ;  but  it  appeared  when  a  20  per  cent,  solution  was  injected. 

II.  Absorption  of  the  Smallest  Particles.— The  largest  amount  of  the  neutral 
fats  and  also  the  fatty  acids  are  simultaneously  absorbed  in  the  form  of  a  milk- 
like emulsion,  formed  by  the  action  of  the  bile  and  the  pancreatic  juice,  and  consist- 
ing of  excessively  small  granules  of  uniform  size  (§  170,  III. ;  §  181).  The  fats 
themselves  are  not  chemically  changed,  but  remain  as  undecomposed  neutral  fats. 
The  particles  seem  to  be  surrounded  by  a  delicate  albuminous  envelope,  or 
haptogen  membrane,  partly  derived  from  the  pancreatic  juice  [probably  from  its 
alkali-albuminate.]  The  process  of  the  absorption  of  fat  by  the  villi  is  one  of  the 
most  obscure  in  physiology.  The  villi  of  the  small  intestine  are  the  chief  organs 
concerned  in  the  absorption  of  the  fatty  emulsion,  but  the  epithelium  of  the 
stomach  and  that  of  the  large  intestine  also  take  a  part.  The  fatty  granules  are 
recognised  in  the  villi — (1)  Within  the  delicate  canals?  (§  190),  in  the  clear  band 
of  the  epithelium  {KöUike?-).  [It  is  highly  doubtful  if  the  vertical  lines  seen  in  the 
clear  disc  of  the  epithelium  of  the  intestine  are  due  to  pores.]  (2)  The  protoplasm 
of  the  epithelial  cells  is  loaded  with  fatty  granules  of  various  sizes  during  the  time 
of  absorption,  while  the  nuclei  of  the  cells  remain  free,  although,  from  the 
amount  of  fat  within  the  cells,  'it  is  often  difficult  to  distinguish  them  (fig.  260). 
(3)  The  granules  pass  into  the  spaces  of  the  parenchyma  of  the  villi ;  these  spaces 
communicate  freely  with  each  other.  (4)  The  origin  of  the  central  lymphatic 
or  lacteal  in  the  axis  of  the  villus  is  found  to  be  filled  with  fatty  granules. 

The  amount  of  fat  in  the  chyle  of  a  dog,  after  a  fatty  meal,  is  8  to  10  per  cent., 
while  the  fat  disappears  from  the  blood  within  thirty  hours. 

[Absorption  of  fat.— 1.  Within  the  epithelial  cells.— As  to  the  absorption  of 
fats,  the  balance  of  evidence  goes  to  show  that  it  passes  through  the  body  of  the 
epithelial  cells,  but  what  forces  are  concerned  in  this  process  is  not  certain.  The 
bile  at  least  seems  to  aid  the  process  within  the  epithehal  cells ;  the  M  appears  in 
droplets  of  variable  size  (fig.  260).  The  fat  enters  in  small  droplets,  which  in  the 
protoplasm  of  the  cell  may  run  together  to  form  larger  ones.  The  fatty  contents 
seem  to  be  driven  out  of  the  body  of  the  cells  by  the  contraction  of  the  protoplasm 
of  the  cells.  ^  
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Fis.  260. 


2  In  the  spaces  of  the  stroma  of  the  villi.— The  fatty  grannies  then  pass  into 
theperieellula'r  spaces  of  the  stro^na  of  the  villi.  ^:^%^^::^^f;::rZ:^ 

the  lacteal  by  the  lymph-stream, 
Avhich  flows  from  the  snper- 
hcially  placed  capillaries  to- 
wards the  central  lacteal. 
This  cnrrent  carries  the  sus- 
pended fatty  particles  floating 
in  an  alkaline  stream. 

3.  In  the  lacteal. — The  so- 
called  "  molecular  basis  "  of  the 
chyle  is  first  seen  and  appears 
to  be  formed  as  the  suspended 
fatty  granules  pass  into  the 
lacteal.  No  such  fine  fatty 
emulsion  as  occurs  in  the 
lacteals  is  found  in  the  small 
intestine,  nor  even  in  the  villus 
itself. 

There  is  no  good  reason  for 
Vertical  section  of  the  epithelium  of  a  villus  showing  -^eiieving  that  fat  passes  directly 
the  absorption  of  fat ;  the  fatty  particles  are  blackened    .^^^  the  blood-vessels.] 

''''''''  [Some  recent  observers,  e.g. 

Krehl,  doubt  whether  fat  is  absorbed  in  a  particulate  form  from  the  intestine  and 
they  regard  it  as  most  probable  that  the  fat  is  absorbed  by  the  epithehum 
in  a  soluble  form.] 

rC.  Bernard  noticed  in  rabbits,  in  whom  the  chief  pancreatic  duct  opens 
separate  from  the  bile-duct,  and  low  down  in  the  intestine,  that  the  lacteals  first 

became  white  below  the  entrance  of  the  pancreatic 
duct  (fig.  261).  This  observation  led  him  to  attach 
great  importance  to  the  emulsionising  properties  of 
the  pancreatic  juice.] 

Fate  of  the  Fats.— The  excessively  fine  fatty 
particles  are  used  up  by  the  tissues,  but  all  tissues 
do  not  do  so  equally.  They  are  taken  up  m  large 
amount  by  the  liver,  and  least  of  all  by  muscle. 
The  tissues  are  said  to  split  up  the  fats  into  glycerin 
and  fatty  acids,  and  these  are  ultimately  oxidised 
to  yield  heat  chiefly.  . 

With  regard  to  the  forces  concerned  in  tüe 
absorption  of  fats,  v.  Wistinghausen  stated  that 
when  a  porous  membrane  is  moistened  with  bile, 
the  passage  of  fatty  particles  through  it  is  thereby 
facilitated  (p.  334),  but  this  fact  alone  does  not 
explain  the  copious  and  rapid  absorption  of  fats. 
It  is  possible  that  the  protoplasm  of  the  epithelial 
cells  is  actively  concerned  in  the  process,  and  that 
it  takes  the  particles  into  its  interior.  Perhaps  a 
fine  protoplasmic  process  is  thrown  out  by  these 
cells,  just  as  pseudopodia  are  thrown  out  and 
retracted  by  lower  organisms.  [This,  however,  has 
not  been  corroborated  by  a  sufficient  number  of  observers.]  Perhaps  the  proto- 
plasm of  the  epithehal  cells,  in  virtue  of  its  contractihty,  forces  the  fatty  granules 


Fig.  261. 

Pancreas  and  duodenum  of  rabbit 
during  digestion  of  fat.  S, 
stomach  ;  mg,  mesenteric  gland ; 
t,  lacteals  ;  d,  duodenum ;  pd, 
entrance  of  pancreatic  duct. 
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out  of  the  cells  into  the  spaces  of  the  villi,  whence  they  are  carried  hj  the  lymph- 
stream  (p.  368),  and  so  through  the  stomata  (?),  between  the  endothelial  cells  into 
the  central  lacteal  of  the  villus.  According  to  this  view,  the  absorption  of  fatty 
particles,  and  perhaps  also  the  absorption  of  true  proteids,  is  in  part  due  to  an 
active  vital  process,  as  indicated  by  the  observations  of  Brücke  and  v.  Thanhoffer. 
This  view  is  supported  by  the  observation  of  Grünliagen,  that  the  absorption  of 
fatty  particles  in  the  frog  is  most  active  at  the  temperature  at  Avhich  the  motor 
phenomena  of  protoplasm  are  most  lively.  That  it  is  due  to  simple  filtration 
alone  is  not  a  satisfactory  explanation,  for  the  amount  of  fatty  particles  in  the 
chyle  is  independent  of  the  amount  of  water  in  it.  If  absorption  were  chiefly 
due  to  filtration,  we  would  expect  that  there  would  most  probably  be  a  direct 
relation  between  the  amount  of  water  and  fat  {Ludwig  and  Zaicihky).  [The 
observations  of  Watney  have  led  him  to  suppose  that  the  fatty  particles  do  not 
pass  through  the  cell  protoplasm  to  reach  the  lacteal,  but  that  they  pass  through 
the  cement  substance  between  the  epithelial  cells  covering  a  villus.  If  this  view  be 
correct,  and  it  is  highly  doubtful  if  it  is,  the  absorbing  surface  is  thereby  greatly 
diminished.  Zuwarykin  and  Schäfer  suggest  that  the  leucocytes,  which  have 
been  observed  between  the  columnar  cells  of  the  villi  of  the  small  intestine,  are 
carriers  of  at  least  part  of  the  fat  from  the  lumen  of  the  gut  to  the  lacteal ;  they 
also,  perhaps,  alter  it  for  further  use  in  the  economy.  [So  far  these  statements 
relative  to  the  leucocytes  have  not  been  universally  accepted ;  indeed,  they  are 
denied  by  the  most  recent  observers.] 

[One  of  the  most  remarkable  experiments  in  relation  to  the  absorption  of  fatty 
matter  is  that  of  I.  Münk,  and  confirmed  by  Walther,  viz.,  that  if  a  dog  be  fed  on 
fatty  acids  instead  of  neutral  fats,  then  neutral  fats  appear  in  the  chyle  collected  from 
the  thoracic  duct.  Where  does  the  glycerin  come  from,  and  where  and  how  is  the 
synthesis  effected?  So  far  there  is  no  satisfactory  answer  to  these  q  estions,  but  it  is 
suggested  that  the  synthesis  takes  place  in  the  villi,  or  even  in  the  lumen  of  the  gut.] 

[A  most  remarkable  case  of  a  lymph  fistula  in  man  was  experimented  on  by  Münk,  A  lad 
svitfering  from  elephantiasis  had  a  fistula  in  the  leg,  through  which  during  digestion  much 
chyle  was  discharged.  When  erucic  acid — an  acid  not  found  normally  in  the  body — was 
administered  to  the  lad,  the  chyle  discharged  from  the  fistula  did  not  contain  more  than  traces 
of  free  erucic  acid,  but  on  the  contrary,  it  contained  a  large  quantity  of  the  corresponding 
neutral  fat  erucin.  The  erucic  acid  must  have  somewhere  obtained  glycerin  to  combine  with, 
to  form  the  neutral  fat.  This  confirms  Munk's  experiments  on  animals,  that  fatty  acids  do 
not  reach  the  blood  as  such,  but  that,  perhaps,  in  the  ver}''  act  of  absorption  in  the  intestinal 
mucous  membrane,  they  are  by  synthesis  converted  into  neutral  fats.  The  case  has  also  been 
used  to  prove  that  sugars  when  given  by  the  mouth,  are  all,  except  an  excessively  small  amount, 
absorbed  by  the  blood-stream,  and  do  not  reach  the  blood  through  the  lymph-  and  chyle-stream.] 

[Methods, — A.  Histological, — The  absorption  of  fat  has  usually  been  studied  by  feeding  an 
auimal  on  fatty  food  and  examining  its  villi  either  in  a  fresh  condition,  or  more  usually  after 
they  have  been  submitted  to  the  action  of  osmic  acid,  which  blackens  fatty  matter.  In  this 
connection  it  is  important  to  remember  two  facts,  viz.,  that  turpentine  may  discharge  the 
black  colour  of  fat  acted  on  by  osmic  acid,  such  sections  in  histological  processes  being  often 
treated  with  turpentine  ;  and  secondly,  an  observation  of  Heidenhain's  that  osmic  acid  blackens 
also  granules  in  some  of  the  leucocytes  of  the  villi  which  are  certainly  not  fatty,  for  they  are 
not  soluble  in  ether.  ] 

[B.  Experimental. — If  in  a  dog  a  cannula  be  introduced  into  the  thoracic  duct,  where  it 
joins  the  subclavian  vein,  the  amount  of  chyle  that  flows  out  in  a  given  time  can  be  estimated. 
The  amount  flowing  out  is  not  greater  during  digestion  than  in  a  fasting  animal.  In  a  fasting 
animal  the  fluid  is  transparent  and  like  lymph,  and  it  becomes  white  and  opaque  during 
digestion  from  the  presence  of  fatty  particles.  During  the  digestion  of  sugar  the  chyle  does 
not  contain  more  sugar — 0'l-0"2  per  cent. — than  is  present  in  the  lymph  or  serum  of  a  fasting 
animal.  These  and  other  similar  experiments  make  it  clear  that  the  fats  alone  pass  via  the 
chyle-stream  to  reach  the  blood,  all  the  other  products  of  digestion  pass  directly  into  the 
rootlets  of  the  portal  vein.] 

The  activity  of  the  cells  of  the  intestine  with  pseudopodial  processes  may  be  studied  in  the 
intestinal  canal  of  Distomum  hepaticum.  Sommer  has  figured  these  pseudopodial  processes 
actively  engaged  in  the  absorption  of  particles  from  the  intestine, 
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193.  INFLUENCE  OF  THE  NERVOUS  SYSTEM  ON  ABSORPTION. - 

With  regard  to  the  influence  of  the  nervous  system  upon  intestinal  absorption,  we 
know  very  little.  After  extirpation  of  the  semi-lunar  ganglion,  as  well  as  after 
section  of  the  mesenteric  nerves  {Moreau),  the  intestinal  contents  become  more 
fluid,  and  are  increased  in  amount  (§  183).  This  may  be  partly  due  to  diminished 
absorption.  Y.  Thanhofi'er  states  that  he  observed  the  protrusion  of  threads  from 
the  epithelial  cells  of  the  small  intestine  only  after  the  spinal  cord,  or  the  dorsal 
nerves,  had  been  divided  for  some  time. 

194.  "  NUTRIENT  ENEMATA."— In  cases  where  food  cannot  be  taken  by  the  mouth,  e.g., 
in  stricture  of  the  cesophagus,  continued  vomiting,  &c.,  food  is  given  per  rectum.  As  the  diges- 
tive activity  of  the  large  intestine  is  very  slight,  fluid  food  ought  to  be  given  in  a  condition 
ready  to  be  absorbed,  and  this  is  best  done  by  introducing  it  into  the  rectum  through  a  tube 
with  a  funnel  attached,  and  allowing  the  food  to  pass  in  slowly  by  its  own  weight.  The  patient 
must  endeavour  to  retain  the  enema  as  long  as  possible.  When  the  fluid  is  slowly  and  gradu- 
ally introduced,  it  may  pass  above  the  ileo-csecal  valve. 

Solutions  of  grape-sugar,  and  perhaps  a  small  amount  of  soap  solution,  are  useful  ;  and 
amongst  nitrogenous  substances  the  commercial  flesh-,  bread-,  or  milk-peptones  of  Sanders-Ezn, 
and  Adamkiewicz,  in  Germany,  and  Darby's  fluid  meat,  and  Ca,rnrick's  beef-peptonoids  in  this 
country,  are  to  be  recommended.  The  amount  of  peptone  required  is  I'll  grm.  per  kilo,  of 
body-weight  (CatiUon)',  less  useful  are  butter-milk,  egg-albumin  with  common  salt.  Leube 
uses  a  mixtm-e  of  150  grms.  flesh,  with  50  grms.  pancreas,  100  grms.  water,  which  he  slowly 
injects  into  the  rectum,  where  the  proteids  are  peptonised  and  absorbed.  [Peptonised  food 
prepared  after  the  method  of  Roberts  is  very  useful  (§  172).]  The  method  of  nutrient  enemata 
only  permits  imperfect  nutrition,  and  at  most  only  ^  of  the  proteids  necessary  for  maintaining 
the  metabolism  of  the  body  is  absorbed  {v.  Voit,  Bauer). 

195  CHYLE-VESSELS  AND  LYMPHATICS.— Lymphatics.— Within  the 
tissues  of  the  body  generally,  and  even  in  those  tissues  which  do  not  contain  blood- 
vessels, e.g.,  the  cornea,  or  in  those  which  contain  few  blood-vessels,  there  exists  a 
system  of  vessels  or  channels  which  contain  the  juices  of  the  tissues,  and  within 
these  vessels  the  fluid  always  moves  in  a  centripetal  direction.  These  canals  arise 
within  the  tissues  in  a  variety  of  ways,  and  unite  in  their  course  to  form  delicate 
and  afterwards  thicker  tubes,  which  ultimately  terminate  in  two  large  trunks  which 
open  at  the  junction  of  the  jugular  and  subclavian  veins  ;  that  on  the  left  side  is 
the  thoracic  duct,  and  that  on  the  right,  the  right  lymphatic  trunk. 

[Through  the  thin-walled  blood-capillaries  there  transudes  into  the  spaces  of  the 
surrounding  tissues  part  of  the  blood-plasma.  This  fluid  is  the  lymph.  It  per- 
meates every  tissue  of  the  body,  bathing  their  constituent  form-elements,  supplying 
the  latter  with  nutriment,  and  enabling  them  to  get  rid  of  the  waste  products  result- 
ing from  their  metabolism.  The  lymph  is  collected  and  returned  to  the  blood 
in  special  tubes,  the  lymphatics.  Whatever  the  mode  of  origin  of  the  lymphatics 
(p.  376),  at  first  they  form  thin-Avalled  microscopic  lymphatic  vessels,  which 
communicate  freely  with  each  other  in  a  plexiform  manner,  and  by  their  confluence 
they  form  the  lymphatic  vessels  ("l-l  mm.),  which  usually  run  along  with  the 
superficial  and  deep  blood-vessels  (fig.  262).  The  larger  lymphatics  are  provided 
with  valves,  like  some  veins.  The  valves  open  towards  the  heart,  and  on  the 
cardiac  side  of  the  valve  there  is  a  dilatation,  so  that  the  lymphatic  trunks,  especially 
when  injected,  often  present  a  beaded  or  varicose  appearance.  The  walls  often  are 
so  thin  and  translucent  that  one  can  see  the  clear  lymph  which  they  contain.  A 
moderate-sized  Ijrmphatic  trunk  has  three  coats  like  a  vein,  only  the  coats  are 
thinner.  The  inner  coat,  or  tunica  intima,  consists  of  a  layer  of  endothelial  cells, 
often  with  a  sinuous  outline,  resting  on  a  delicate  network  composed  of  fine  elastic 
fibres.  The  middle  coat,  or  tunica  media,  is  composed  of  smooth  muscular  fibres 
arranged  transversely  or  obliquely.  The  tunica  adventitia  consists  of  connective- 
tissue,  which  in  some  situations  contains  smooth  muscular  fibres.  The  fine  lym- 
phatic capillaries  have  dilatations  and  constrictions  on  them,  and  are  composed  of  a 
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single  layer  of  endothelium,  the  edges  of  which 
are  usually  sinuous,  a  fact  best  demonstrated  by 
the  use  of  silver  nitrate  (fig.  263).] 

The  lymph  fulfils  different  functions  in 
diflPerent  organs.  (1)  In  many  tissues,  the 
lymphatics  represent  the  nutrient  channels,  by 
which  the  fluid  that  transudes  through  the  neigh- 
bouring vessels  is  distributed,  as  in  the  cornea 
and  in  many  connective-tissues,  (2)  In  many 
tissues,  as  in  glands,  e.g.,  the  salivary  glands  and 
the  testis,  the  lymph-spaces  are  the  chief  reser- 
voirs for  fluid,  from  which  the  cells  during  the 
act  of  secretion  derive  the  fluid  necessary  for 
that  process.  (3)  The  lymphatics  have  the 
general  function  of  collecting  the  fluid  which 
saturates  the  tissues,  and  carrying  it  back  again 
to  the  blood.  The  capillary  blood  system  may 
be  regarded  as  an  irrigation  system,  which 
supplies  the  tissues  with  nutrient  fluids,  while 
the  lymphatic  system  may  be  regarded  as  a 
drainage  apparatus,  which  conducts  away  the 
fluids  that  have  transuded  through  the  capillary 
walls.  Some  of  the  decomposition-products  of 
the  tissues,  proofs  of  their  retrogressive  meta- 
bolism, become  mixed  with  the  lymph-stream,  so 
that  the  lymphatics  are  at  the  same  time  absorb- 
ing vessels.  Substances  introduced  into  the 
parenchyma  of  the  tissues  in  other  ways,  e.g., 
by  subcutaneous  injection,  are  partly  absorbed  by 
the  lymphatics.  A  study  of  these  conditions 
shows  that  the  lymphatic  system  represents  an 
appendix  to  the  blood-vascular  system,  and 
further  that  there  can  be  no  lymph  system  when 
the  blood-stream  is  completely  arrested ;  it  acts 
only  as  a  part  of  the  whole,  and  with  the  whole. 

Lacteals. — When  we  speak  of  the  lymphatics 
proper  as  against  the  chyle- vessels  or  lacteals, 
we  do  so  from  anatomical  reasons,  because  the 
important  and  considerable  lymphatic  channels 
coming  from  the  whole  of  the  intestinal  tract  are, 
in  a  certain  sense,  a  fairly  independent  province 
of  the  lymphatic  vascular  area,  and  are  endowed 
with  a  high  ahsoiytive  activity,  which  from  ancient 
times  has  attracted  the  notice  of  observers.  The 
contents  of  the  chyle- vessels  or  lacteals  are  mixed 
with  a  large  amount  of  fatty  granules,  giving  the 
chyle  a  ivhite  appearance,  which  distinguishes 
them  at  once  from  the  true  lymphatics  with  their 
clear  watery  contents.  From  a  physiological  point 
of  view,  however,  the  lacteals  must  be  classified 
with  the  lymphatics,  for,  as  regards  their  struc- 
ture and  function,  they  are  true  Ijanphatics,  and 
their  contents  consist  of  true  lymph  mixed  with 
a  large  amount  of  absorbed  substances,  chiefly 
fatty  granules.     [The  contents  of  the  lacteals 


Fig.  262. 

Anterior  view  of  the  lymphatics  of 
the  arm.  A,  basilic,  B,  cephalic^ 
and  C,  axillary  veins ;  1,  lymphatic 
plexus  of  the  palm  ;  2,  external 
collateral  trunk  of  the  thumb ;  3,  3, 
superficial  lymphatics  of  the  fore- 
arm, and  5,  of  the  upper  arm  ;  4, 
supra- trochlear ;  6,  axillary  ganglia; 
7,  lymphatics  of  the  shoulder  ;  8, 
vein  accompanying  the  cephalic 
vein  ;  9,  ganglia  of  the  neck. 
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Fig.  263. 

Lymphatic  of  the  pericardium;  ejjithelium  stained 
with  silver,  and  showing  the  bulging  and  con- 
strictions in  the  vessel. 


ment  of  the  lymph  is  provided  for. 
amoeboid  movements 


The 


are  white  only  during  digestion,  at  other  times,  i.e.,  when  an  animal  has  fasted  for 
some  time,  they  are  clear  like  lymph.] 

196.  ORIGIN  OF  THE  LYMPHATICS— Connective-tissue.— (1)  Origin  in 

  Spaces.  —  Within  the  connective- 
tissues  (connective-tissue  proper, 
bone)  are  numerous  stellate,  irregular, 
or  branched  spaces,  which  communi- 
cate with  each  other  by  numerous 
tubular  processes  (fig.  264,  s);  in 
these  communicating  spaces  or  lymph- 
spaces  lie  the  cellular  elements  of 
these  tissues.  These  spaces,  however, 
are  not  completely  filled  by  the  cells, 
but  an  interval  exists  between  the  body 
of  the  cell  and  the  wall  of  the  space, 
which  is  greater  or  less  according  to 
the  condition  of  movement  of  the 
protoplasmic  cell.  These  spaces  are 
the  so-called  "juice  canals  "  or  "Saft- 
canälchen,"  and  they  represent  the 
origin  of  the  lymphatic  vessels  (v.  Reck- 
linghausen). As  they  communicate 
with  neighbouring  spaces,  the  move- 
cells  which  lie  in  the  spaces  exhibit 
Some  of  these  cells  remain  permanently  each  in  its  own 
space,  within  which,  however,  it 
may  change  its  form — these  are  the 
so-called  "fixed  connective-tissue 
corpuscles,"  and  bone  corpuscles — 
while  others  merely  wander  or  pass 
into  these  spaces,  and  are  called 
"wandering  cells,"  or  "leuco- 
cytes ;"  but  the  latter  are  merely 
lymph-corpuscles,  or  colourless 
blood-corpuscles  which  have  passed 
out  of  the  blood-vessels  into  the 
origin  of  the  lymphatics  (fig.  266). 
These  cells  exhibit  amoeboid  move- 
ments. These  spaces  communicate 
with  the  small  tubular  lymphatics 
— the  so-called  lymph-capillaries 
(L).  The  spaces  lie  close  together, 
where  they  pass  into  a  lymph- 
capillary  {a).  The  lymph- capillary, 
which  is  usually  of  greater  diameter 
than  the  blood-capillary,  generally 
lies  in  the  middle  of  the  space 
within  the  capillary  arch  (B).  The 
finest  lymphatics  are  lined  by  a 
layer  of  delicate,  nucleated,  endo- 
thelial cells  (e,  e),  with  character- 
istic sinuous  margins,  whose  characters  are  easily  revealed  by  the  action  of  silver 
nitrate  (fig.  265,  L).    This  substance  blackens  the  cement-substance  which  holds 


Origin  of  lymphatics  from  the  central  tendon  of  the 
diaphragm  stained  with  nitrate  of  silver.  s,  the 
juice-canals,  communicating  at  x  with  the  lymph- 
atics ;  a,  origin  of  the  lymphatics  by  the  confluence 
of  several  juice-canals. 
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the  endothelial  cells  together.  Between  the  endothelial  cells  are  small  holes,  or 
stomata,  by  means  of  which  the  lymph-capillaries  communicate  (at  x)  with  the 
juice-canals. 

From  the  researches  of  Arnold,  Thoma,  and  others  it  is  assumed  that  the  blood- 
vessels communicate  with  the  juice-canals,  and  that  fluid  passes  out  of  the  thin- 
walled  capillaries  through  their  stomata  into  these  spaces  (§  65).  This  fluid 
nourishes  the  tissues,  the  tissues  take  up  the  substances  appropriate  to  each,  while 
the  efi'ete  materials  pass  back  into  the  spaces,  and  from  these  reach  the  lymphatics, 
which  ultimately  discharge  them  into  the  venous  blood. 

Whether  the  cells  within  these  spaces  are  actively  concerned  in  the  pouring 
out  of  the  blood-plasma,  or 
take  part  in  its  movement,  is 
matter  of  conjecture.  We 
can  imagine  that  by  contract- 
ing their  body,  after  it  has 
been  impregnated  with  fluid, 
this  fluid  may  be  propelled 
from  space  to  space  towards 
the  lymphatics.  The  leuco- 
cytes wander  through  these 
spaces  until  they  pass  into  the 
lymphatics.  Fine  particles 
which  are  contained  in  these 
spaces — e.r/.^  after  tattooing 
the  skin,  and  even  fatty  par- 
ticles after  inunction  —  are 
absorbed  by  the  leucocytes, 
and  carried  by  them  to  other 
parts  of  the  body.  [The  pig- 
ment particles  used  to  tattoo 
the  finger  are  usually  found 
within  the  first  lymphatic 
gland  at  the  elbow]. 

The  migration  of  cellular 
elements  from  the  blood- 
vessels into  the  origin  of 
the  lymphatics  is  to  be  con- 
sidered as  a  normal  process.  Granular  colouring -matter  passes  from  the  blood 
into  the  protoplasmic  body  of  the  cells  within  the  lymph-spaces  ;  and  only  when 
the  granular  pigment  is  in  large  amount  does  it  appear  as  a  granular  injection  in 
the  branches  of  the  juice-spaces. 

[Connective-tissue  is  widely  distributed  in  the  body  entering  into  the  construc- 
tion of  most  organs,  and,  as  its  name  denotes,  it  connects  and  binds  structures 
together.  It  assumes  many  forms,  being  either  of  a  more  or  less  open  texture, 
when  it  is  called  areolar  tissue,  or  its  fibres  may  be  so  arranged  as  to  form  dense 
membranes,  such  as  fascise,  or  stout  cords  and  bands,  like  ligaments.  It  performs 
certain  purely  mechanical  and  certain  physiological  functions  in  the  economy.  It 
is  developed  from  the  cells  of  the  mesoblast,  and  consists  of— 

1.  Cells  or  corpuscles. 

2.  An  inter-cellular  matrix. 

The  corpuscles — of  which  there  are  several  varieties — are  in  the  adult  far 
less  numerous  than  the  matrix  or  inter-cellular  matter,  which  consists  of  fibres, 
the  fibres  being  of  two  kinds — the  white  fibres  and  the  yeUow  or  elastic  fibres. 


Fig.  265. 

Pleural  surface  of  the  central  tendon  of  the  diaphragm  of 
the  rabbit  stained  with  silver  nitrate.  L,  lymphatic  with 
its  sinuous  endothelium  ;  c,  cells  of  the  connective-tissue 
brought  into  view  by  the  silver  nitrate. 
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Its  mechanical  functions  depend  far  more  on  the  fibres  than  the  cells.  In  the 
form  which  occurs  under  the  skin,  and  surrounds  lymphatics  and  blood-vessels  in 
their  course,  and  is  spoken  of  as  loose  connective-tissue  or  areolar  tissue,  the 
fibres  are  arranged  in  bundles  which  cross  each  other  in  various  directions  and 
leave  larger  or  smaller  spaces,  or  areolse.,  between  them.  These  spaces  contain 
lymph,  and  from  them  the  lymphatics  arise,  hence  the  name  "  areolar."  The  fixed 
connective-tissue  corpuscles  lie  on  the  bundles  of  white  fibres  (fig.  266).  If  a 
piece  of  areolar  tissue  be  teased  out  and  examined  microscopically,  it  is  seen 
to  consist  of  bundles  of  wavy  fibres,  and  these  fibres  readily  split  up  under  the 
action  of  reagents,  e.g.,  10  per  cent,  common  salt   or  picric  acid,  into  fine 


Fig.  266. 

Subcutan  eons  connective-tissue  of  a  slieep.  aa,  fixed  connective-tissue  corpuscles  with  processes  ; 
hh,  anastomosing  processes  ;  cc,  broken-ofF  processes  ;  d,  isolated  parts  of  the  cells  ;  e,  lymph- 
cell  or  leucocyte,     x  800. 

unbranched  excessively  narrow  fibrils  or  fibrillse,  1  /x  or  less  in  diameter. 
The  fibrillse  are  held  together  by  a  globulin-like,  or  perhaps  mucin-like,  cement,  and 
according  to  the  number  of  fibrillse  so  is  the  size  of  the  fibres.  The  outline  of 
the  fibre  is  always  somewhat  indistinct,  but  they  refract  the  light  pretty  strongly 
and  appear  whitish  under  the  microscope,  hence  their  name  of  white  fibres.  These 
fibres  when  boiled  yield  gelatin,  and  hence  they  have  been  called  gelatiniferous 
fibres.  The  bundles  are  held  together  by  a  cement-substance  which  is  blackened 
by  silver  nitrate,  and  on  the  fibres  lie  the  fixed  connective-tissue  corpuscles 
(fig.  267)  embedded  in  the  cement.  These  nucleated  cells  may  be  fusiform,  but  they 
are  more  frequently  irregular  in  form  and  branched.  They  resemble  flattened, 
winged,  or  stellate  plates.  As  they  are  sometimes  in  relation  with  more  than  one  fibre, 
they  may  present  a  winged  appearance.  They  are  most  abundant  and  most 
readily  seen  in  young  tissue,  and  are  not  so  readily  seen  in  a  preparation  from  an 
adult  animal,  partly  because  of  the  number  of  fibres,  and  partly  because  their 
refractive  index  is  not  such  as  to  make  them  readily  visible.  If  they  be  stained, 
however,  e.g.,  with  eosin  (fig.  266),  or  if  the  tissue  be  acted  on  by  a  dilute  acid— 
e.g.,  acetic  acid — the  white  fibres  swell  up  and  become  clear  and  homogeneous,  so 
that  the  nuclei  of  the  connective-tissue  corpuscles  come  distinctly  into  view. 
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The  corpuscles  become  somewhat  slirunken  and  more  granular  under  the  action  of 
the  acid.  These  are  called  "  fixed  "  connective-tissue  corpuscles  because  they  do 
not  change  their  place,  nor  do  they  in  the  adult  exhibit  amoeboid  movement.  In 
the  spaces  of  areolar  tissue  there  are  always  found  some  cells  much  smaller  than 
the  foregoing,  spherical  in  form,  and  presenting  all  the  characters  of  leucocytes, 
which  indeed  they  are  (fig.  266,  e).  They  exhibit 
amoeboid  movements  and  have  wandered  out  of  the 
blood-vessels  or  lymphatics  into  the  areolar  spaces. 
A  third  form  of  corpuscle  is  frequently  found,  more 
especially  along  the  course  of  the  smaller  blood- 
vessels in  certain  situations.  The  last  variety  of  cells 
always  contains  numerous  large  granules.  These 
cells  were  called  "plasma  cells"  by  Waldeyer.] 

[In  the  connective-tissue  of  the  mesentery  of  the 
newt,  and  in  the  peri-oesophageal  membrane  around 
the  oesophagus  of  the  frog,  and  in  the  connective- 
tissue  membranes  of  vertebrates  generally,  Ranvier 
has  described  some  enormously  large  connective- 
tissue  corpuscles — nearly  1  mm.  in  size— which 
stain  deeply  with  methyl-violet.  He  has  called 
them  "  clasmatocytes  "  (KXdafj.a,  aros,  fragment, 
KVTo?,  cell),  because  they  tend  to  break  up  into  small 
particles  or  granules.  What  their  relation  is  to 
other  forms  of  connective-tissue  corpuscles  has  not 
been  determined.] 

[Clasmatocytes  occur  in  the  thin  connective-tissue  mem- 
branes of  vertebra ta,  and  are  most  readily  found  in  the  peri- 
oesophageal  membrane  of  the  frog.  They  are  first  fixed  with 
osmic  acid  and  then  stained  with  methyl-violet,  5  B.  In 
the  triton  they  are  about  1  mm.  in  length,  and  are  therefore 
colossal  cells. '  When  stained  they  are  coloured  violet  with  a 
tinge  of  red,  the  nucleus  being  slightly  blue.  They  have 
numerous  processes,  simple  or  branched,  but  the  processes 
do  not  form  a  reticulum.  The  body  and  processes  have  a 
granular  appearance  and  are  irregular  in  their  shape.  Parts  of  them  tend  to  separate  in  frag- 
ments, hence  the  name  of  the  cells.  This  is  the  peculiarity  of  these  cells,  that  their  processes 
tend  to  break  up  and  form  islands  of  granules  under  certain  conditions,  and  this  process  Ranvier 
calls  clasmacytosis.  They  do  not  exhibit  amoeboid  movements,  although  they  are  developed 
by  the  evolution  of  leucocytes,  which  have  passed  out  of  the  vessels  into  the  connective-tissue. 
Ranvier  has  traced  the  stages  from  the  simple  leucocytes  up  to  these  complex  and  marvellous 
cells.  The  clasmatocyte  is  at  least  one  humlred  times  larger  than  the  leucocyte.  Certain  leuco- 
cytes, after  reaching  the  meshes  of  the  connective-tissue,  appear  to  grow,  enlarge,  and  undergo  a 
particular  evolution  which  makes  them  clasmatocytes,  which  give  olf  part  of  their  substance  in 
fragments,  which  are  probably  used  in  the  economy  {Eanvier).] 

[It  is  difficult  to  say  what  is  the  relation— if  any — of  these  cells  to  the  plasma-cells  of 
Waldeyer,  i.e.,  certain  granular  cells  situated  along  the  course  of  the  blood-vessels,  the  inter- 
stitial cells  of  the  testes,  and  the  cells  of  the  supra-renal  capsules  (p.  176).  Ehrlich,  by  staining 
the  plasma-cells  with  aniline  dyes,  showed  that  they  were  not  all  alike.  Only  some  of  them 
were  coloured  by  the  basic  aniline  dyes;  these  are  the  anilinophile  cells  or  "  j\Iastzellen "  of 
Ehrlich.    They  are  derived  from  the  fixed  connective-tissue  corpuscles.] 

[There  are  also  yellow  or  elastic  fibres  present  in  areolar  tissue.  They  can  be 
seen  in  a  fresh  preparation  of  the  tissue,  but  are  best  seen  after  the  action  of 
acetic  acid,  Avhich  makes  the  white  fibres  transparent,  but  does  not  affect  the  yellow 
fibres.  The  yellow  fibres  are  not  so  numerous  as  the  white ;  they  have  a  sharper 
outline,  and  faint  yellow  tinge;  they  branch  and  anastomose,  and  when  broken  tend 
to  curl  up  at  their  ends.  Ey  their  anastomoses  they  form  networks  which  render 
the  tissues  in  which  they  occur  more  or  less  elastic.  They  vary  in  size,  but  they 
cannot  be  split  up  further  into  fibres.    In  some  situations  the  elastic  fibres  become 


Fig.  267. 
Showing  relation  of  a  connective- 
tissue  corpuscle  to  a  fibre,  lying 
on  and  clasping  the  latter.  A, 
nucleus  of  the  fixed  cell ;  B, 
protoplasm  body  ;  C,  processes ; 
D,  white  fibre  on  which  the  cell 
rests  ;  E,  elastic  fibre,   x  1000. 
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Fig.  268. 

Network  of  yellow  or  fine  elastic  fibres^ from  the  jy^-^-^pj-^g^i^icg 


omentum.   Some  corpuscles  are  also  visible, 

which  traverse  the 
lolood-vessel.  Fig. 
B,  from  the  brain 


P 


greatly  increased  both  in  number  and  size,  as  in  the  ligamentum  nuchae,  which 
consists  almost  entirely  of  elastic  fibres — some  of  them  as  broad  as  a  red  blood- 
corpuscle  (fig.  269).  There  is  every  gradation  between  the  fine  networks  of 
elastic  fibres  that  occur  in  the  meso-colon  and  skin  (fig.  268)  to  the  thick  fibres 
of  the  ligamentum  nuchae,  up  to  fenestrated  sheets  of  elastic  tissue  occurring  in  the 

aorta,  and  the  complete  sheet  of 
elastic  membrane,  forming  the  chief 
part  of  the  elastic  lamina  of  the 
arteries.  The  elastic  fibres  consist 
of  elastin  (§  250).] 

(2)  Origin  within  villi — i.e.,  of 
the  chyle  vessel  or  lacteal — has 
been  described  (§  190). 

(3)  Origin  in  perivascular  spaces 
(fig.  270).  —  The  smallest  blood- 
vessels of  bone,  the  central  nervous 
system,  retina,  and  the  liver,  are 
completely  surrounded  by  wide 
lymphatic  tubes,  so  that  the  blood- 
vessels are  completely  bathed  by  a 
lymph-stream.    In  the  brain  these 

are  partly  composed  of 
delicate     connective-tissue  fibres, 
lymph-space  and  become  attached  to  the  wall  of  the  included 
270,  B,  represents  a  transverse  section  of  a  small  blood-vessel, 
is  the  divided  perivascular  space.    This  space  is  called 
the  perivascular  space  of  His,  but  in  addition 
to  it  the  blood-vessels  of  the  brain  have  a  lymph- 
J%         space  within  the  adventitia  of  the  blood-vessels 
''^l^v      {VircJioiv-jRohin's  space).    It  is  partly  lined  by 
l^j/    well-defined   endothelium.     Where    the  blood- 
i'ljl  t\  vessels  begin  to  increase  considerably  in  diameter, 
\|  jV|  they  pass  through  the  wall  of  the  lymphatics,  and 
i  f  jlj  the  two  vessels  afterwards  take  separate  courses. 
/,  '  /    In  all  cases,  where  there  is  a  perivascular  space, 
\'i     j'     the  passage  of  lymph-  and  blood-corpuscles  into 
y     ill     the  lymphatics  is   greatly  facilitated.     In  the 
tortoise  the  large  blood-vessels  are  often  sur- 
(/;'      rounded  with  perivascular  lymphatics.  Fig.  270,  A, 
ijil  \      gives  a  representation  of  the  aorta  of  the  tortoise 
ijl  surrounded  by  a  perivascular  space  which  is  visible 

1;  \''|  to  the  unaided  eye.  In  mammals  the  perivascular 
ll'    jj//'    spaces  are  microscopic. 

(4)  Origin  in  the  form  of  interstitial  slits 
within  organs. — Within  the  testis  the  lymph- 
atics begin  simply  in  the  form  of  numerous  slits, 
which  occur  between  the  coils  and  twists  of  the 
seminal  tubules.  They  take  the  form  of  elongated 
spaces  bounded  by  the  curved  cylindrical  surfaces 
of  the  tubules.  The  surfaces,  however,  are  covered  with  endothelium.  The 
lymphatics  of  the  testis  get  independent  walls  after  they  leave  the  parenchyma  of 
the  organ.  In  many  other  glands  the  gland-substance  is  similarly  surrounded  by  a 
lymph-space.  The  blood-vessels  pour  the  lymph  into  these  spaces,  and  from  them 
the  secreting  cells  obtain  the  materials  necessarv  for  the  formation  of  their  secretion. 


It  k  I 


Fig.  269. 

Thick  elastic  fibres  of  tlie  human 
ligamentum  nuchae,    x  459. 
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(5)  Origin  by  means  of  free  stomata  on  the  walls  of  the  larger  serous  cavities, 
which  (fig.  271,  a)  communicate  freely  with  the  lymphatics.  The  investigation 
of  the  serous  surfaces  is  most  easily  accomplished  on  the  septum  of  the  great 
abdominal  lymph-sac  of  the  frog.  Silver  nitrate  reveals  the  presence  of  relatively 
large  free  openings  or  stomata  lying  between  the  endothelium.  Each  stoma  is 
bounded  by  several  germinating  cells,  which  have  a  granular  appearance,  and 
undergo  a  change  of  shape,  so  that  the  size  of  the  stoma  depends  upon  the  degree 
of  contraction  of  these  cells ;  thus  the  stoma  may  be  open  (a),  half-open  (b),  or 
completely  closed  (c).  These  stomata  are  the  origin  of  the  lymphatics.  The  serous 
cavities  belong  therefore  to  the  lymphatic  system,  and  fluids  placed  m  the  serous 


Fig.  270.  Fig.  271. 

Perivascular  lymphatics.    A,  aorta  of  tor-  Stomata  in  the  great  lymph-sac  (frog), 

toise;  B,  artery  from  the  brain.  a,  open  ;  b,  half-closed  ;  c,  closed. 


cavities  readily  pass  into  the  lymphatics.  The  cavities  of  the  peritoneum,  pleura, 
pericardium,  tunica  vaginalis  testis,  arachnoid  space  (?),  aqueous  chambers  of  the  eye, 
and  the  labyrinth  of  the  ear,  are  true  lymph-cavities,  and  the  fluid  they  contain  is 
to  be  regarded  as  lymph.  [Hoffmann  has  found  that  a  nerve-fibre  surrounds  the 
stomata  in  the  frog  and  sends  branches  between  the  germinal  epithelium.] 

(6)  Free  open  pores  have  been  observed  on  some  mucous  membranes,  which 
are  regarded  as  the  origin  of  lymphatics,  ejj.,  in  the  bronchi,  nasal  mucous  mem- 
brane, trachea,  and  larynx. 

Structure  of  Lymphatics, — The  larger  lymphatics  resemble  in  structure  the 
veins  of  corresponding  size.  The  valves  are  particularly  numerous  in  the  lym- 
phatics, so  that  a  distended  lymphatic  resembles  a  chain  of  pearls  (p.  371). 
[Lymphatics  have  dilations  here  and  there  in  their  course  (fig.  265).] 

197.  THE  LYMPH-GLANDS.— The  lymphatic  glands  belong  to  the  lymph 
apparatus.  They  are  incorrectly  termed  glands,  as  they  are  merely  much-branched 
lacunar  labyrinthine  spaces  composed  of  adenoid  tissue,  and  intercalated  in  the 
course  of  the  lymphatic  vessels.    There  are  simple  and  compound  lymph-glands. 

(1)  The  simple  lymph-glands,  or,  more  correctly,  lymph-follicles,  are  small 
rounded  bodies,  about  the  size  of  a  pin-head.  They  consist  of  a  mass  of  adenoid 
tissue  (fig.  272,  A),  i.e.,  of  a  very  delicate  network  of  fine  reticular  fibres  with 
nuclei  at  their  points  of  intersection,  and  in  the  spaces  of  the  mesh  work  lie  the 
lymph  and  the  lymph-corpuscles.  Near  the  surface  the  tissue  is  somewhat  denser, 
where  it  forms  a  capsule,  which  is  not  however  a  true  capsule,  as  it  is  permeated 
with  numerous  small  sponge-like  spaces.  Small  lymphatics  come  directly  into 
contact  with  these  lymph-foUicles,  and  often  cover  their  surface  in  the  form  of  a 
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close  network.  The  surface  of  the  lymph-folHcles  is  not  nnfrequently  placed  in 
the  wall  of  a  lymph-vessel,  so  that  it  is  directly  bathed  by  the  lymph-stream. 
Although  no  direct  canal-like  opening  leads  from  the  follicle  into  the  lymphatic 
stream  in  relation  with  it,  a  communication  must  exist,  and  this  is  obtained  by 
the  numerous  spaces  in  the  follicle  itself,  so  that  a  lymph-follicle  is  a  true  lymphatic 
apparatus  whose  juices  and  lymph-corpuscles  can  pass  into  the  nearest  lymphatic. 
The  follicles  are  surrounded  by  a  network  of  blood-vessels  which  sends  loops  of 
capillaries  into  their  interior  (fig.  272,  B).    [In  the  centre  of  each  is  a  germ-centre 

where  mitosis  goes  on 
rapidly.]  We  may  assume 
that  lymph-corpuscles  pass 
from  these  capillaries  into 
the  follicle. 

[The  follicles  arise  by  aggrega- 
tion of  round  cells  or  leucocytes 
in  the  mucosa  or  sub-mucosa, 
where  they  rapidly  reproduce 
themselves  by  mitosis.  The 
gradually  enlarging  mass  com- 
presses the  surrounding  tissue 
which  forms  a  kind  of  tunica 
propria  for  each  follicle  (p.  239). 
In  the  intestine  the  cupola  is 
covered  by  columnar  epithelium 
with  a  few  goblet-cells.] 


Fig.  272. 

Two  > lymph- follicles.  A,  a  small  follicle  highly  magnified, 
showing  the  adenoid  reticulum  ;  B,  a  follicle  less  highly 
magnified,  showing  injected  blood-vessels. 


In  connection  with  these 
follicles,  including  those  of 
the  back  of  the  tongue,  the  solitary  glands  of  the  intestine,  and  the  adenoid 
tissue  in  the  bronchial  tract,  the  tonsils,  and  Peyer's  patches,  it  is  important  to 

remember  that  enormous 
numbers  of  leucocytes  pass 
out  continually  between  the 
epithelial  cells  covering  these 
follicles.  In  this  process  many 
epithelial  cells  are  destroyed. 
Thus  there  is  a  kind  of  i^hysio- 
logical  solution  of  continuity 
of  the  surface,  through 
which,  under  certain  condi- 
tions, micro-organisms  or  other 
poisonous  bodies  may  enter 
the  organism.  The  extruded 
leucocytes  undergo  disintegra- 
tion subsequently. 

(2)  The  compound  lymph- 
glands-the  lymphatic  glands 
— represent  a  collection  of 
lymph-follicles,  whose  form  is 
somewhat  altered.  [They  are 
small  oval  or  kidney-shaped 
bodies  varying  much  in  size, 
and  intercalated  in  the  course 


Fig.  273. 

Diagrammatic  section  of  a  lymphatic  gland,  a.l.,  afi"erent, 
e.  I. ,  efferent,  lymphatics ;  C,  cortical  substance  ;  M, 
reticular  cords  of  medulla;  l.s.,  lymph-sinus  ;  c,  capsule, 
with  trabeculse,  tr. 


of  lymphatics.  Usually  at  one  side  there  is  a  hilum  from  which  the  efferent  lymph- 
atic issues.]  Every  lymph-gland  is  covered  externally  with  a  connective- tissue 
capsule  (fig.  273,  c),  which  contains  numerous  non-striped  muscular  fibres.  From 
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its  inner  surface  numerous  septa  and  trabeculae  {tr.)  pass  into  the  interior,  so  that 
the  gland-substance  is  divided  into  a  large  number  of  compartments.  These  com- 
partments in  the  cortical  portion  of  the  gland  have  a  somewhat  rounded  form,  and 
are  nearly  filled  with  aggregations  of  lymph-corpuscles,  sometimes  called  secondary- 
nodules— which  constitute  the  alveoli,  while  in  the  medullary  portion  they  have 


BaieuStr /tires 


Leiicoci/les. 


Branched  Ccrpxtscle. 


Fig.  274. 

Network  of  adenoid  tissue.    The  leucocytes  have  been  pencilled  out  of  the 
meshes  {Stirling),     x  350. 

a  more  elongated  and  irregular  form.  [In  many  of  the  nodules  there  is  a  lighter 
centre — germ-centre — where  mitosis  or  division  of  the  leucocytes  goes  on  rapidly 
(fig.  275).  On  making  a  section  of  a  lymph-gland  we  can  readily  distinguish 
the  cortical  from  the  medullary  portion  of  the  gland.]  All  the  compartments  are 
of  equal  dignity,  and  they  all  communicate  with  each  other  by  means  of  openings, 
so  that  the  septa  bound  a  rich  network  of  spaces 
within  the  gland,  which  communicate  on  all 
sides  with  each  other. 

These  spaces  are  traversed  by  the  follicular 
threads  (fig.  276,  /,  /).  These  represent  the 
contents  of  the  spaces,  but  are  smaller  than  the 
spaces  in  which  they  lie,  and  do  not  come  into 
contact  anywhere  with  the  walls  of  the  spaces. 
If  we  imagine  the  spaces  to  be  injected  with  a 
mass,  which  ultimately  shrinks  to  one-half  of  its 
original  volume,  we  obtain  a  conception  of  the 
relation  of  these  follicular  threads  to  the  spaces 
of  the  gland. 

[The  blood-vessels  of  the  gland  {h)  lie  within 
these  follicular  threads.  They  are  surrounded 
by  a  tolerably  thick  crust  of  adenoid  tissue,  w^itli 

very  fine  meshes  {x,  a^)  filled  with  lymph-cor- Section  of  a  lymph-knot,  or 

•J,  -.I    -J         i       /      \  1  T    ^1        of  a  mesenteric  lymph-gland, 

puscles,  and  with  its  surface  (o,  o)  covered  by  the 

cells  of  the  adenoid  reticulum,  in  such  a  way  as 

to  leave  free  communication  through  the  narrow 

meshes.     The  blood-vessels  may  enter  at  the 

hilimi  or  at  points  on  the  surface  of  the  gland. 

The  large  branches  run  in  the  trabeculse  and  septa,  and  from  these  finer  branches 

traverse  the  lymph-paths  and  split  up  into  a  capillary  plexus  in  the  masses  or 

strands  of  adenoid  tissue.    The  vein  passes  out  by  the  hilum.    Nerves,  medullated 

and  non-meduUated,  enter  the  gland,  but  their  terminations  are  unknown.  Perhaps 

they  go  to  the  blood-vessels  and  the  smooth  muscular  fibres  of  the  septa,] 

[The  fine  network  of  adenoid  tissue  which  traverses  the  lymph-paths,  and  in 


Fiff.  275. 


large,  b,  small  leucocytes  ;  c,  mitosis; 
d,  direct  division  of  nucleus  ;  e,  cells 
which,  besides  a  nucleus,  contain 
large  easily-stained  bodies  and  some 
yellow  granules,     x  400. 
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which  the  leucocytes  He,  consists  of  fine  bundles  of  fibrous  tissue  with  cells — endo- 
thelial cells — at  the  nodes.  This  system  is  continuous  with  the  fibrous  tissue  of 
the  capsule  and  septa  (fig.  274).] 

[The  cellular  elements,  lymph-ceUs,  or  leucocytes  are  not  all  of  one  kind,  as 
can  be  shown  by  difi'erential  staining,  such  as  Ehrlich-Biondi's  fluid,  which  is  a 
mixture  of  orange-G.,  methyl-green,  and  acid  fuchsin.  The  most  abundant  leucocytes 
are  (1)  cells  with  a  very  small  amount  of  colourless  protoplasm  surrounding  a  faint 
violet-stained  nucleus.  (2)  A  second  form  has  a  large  nucleus  surrounded  with 
bright  rose-coloured  protoplasm.  (3)  There  are  "  granular  "  cells  most  abundant  in 
the  mesenteric  glands.    (4)  A  fourth  form  shows  cells  undergoing  degeneration. 


fa  f 


Fig.  276. 

Part  of  a  lymphatic  gland.  A,  vas  afFerens ;  B,  B,  lymph-paths  ;  a,  a,  trabeculae  seen  on 
edge  ;  /,  /,  follicular  strand  from  the  medulla ;  x,  x,  its  adenoid  reticulum;  h,  its  blood- 
vessels ;  0,  0,  narrow-meshed  part  limiting  the  follicular  strands  from  the  lymph-path. 

(5)  Phagocytes  are  also  present,  but  they  are  usually  found  in  the  lymph-paths 
and  medullary  cords  {Hoyer).'] 

Lymph-glands  not  only  form  leucocytes,  but  in  them  also  cells  break  down, 
and  the  products  of  their  disintegration  are  taken  up  by  leucocytes  and  further 
changed  by  them. 

Between  the  surface  of  the  follicular  threads  and  the  inner  wall  of  all  the 
spaces  of  the  gland,  lies  the  lymph-channel  or  lymph-path  (B,  B),  which  is 
traversed  by  a  reticulum  of  adenoid  tissue,  containing  relatively  few  lymph- 
corpuscles.    It  is  very  probable  that  these  lymph-paths  are  lined  by  endothelium. 

The  vasa  afFerentia  (fig.  273,  a.l.),  of  which  there  are  usually  several,  expand 
upon  the  surface  of  the  gland,  perforate  the  outer  capsule,  and  pour  their  contents 
into  the  lymph-paths  of  the  gland  (C).  The  vasa  efferentia,  which  are  less 
numerous  than  the  afFerentia,  and  come  out  at  the  hilum,  form  large,  wide,  almost 
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cavernous  dilatations,  and  they  anastomose  near  the  gland  (eJ.).  Through  them 
the  lymph  passes  out  at  the  opposite  surface  of  the  gland.  The  lymph  percolates 
through  the  gland,  and  passes  along  the  lymph-paths,  which  represent  a  kind  of 
rete  mirabile  interposed  between  the  afferent  and  efferent  lymph-vessels. 

During  its  passage  through  this  complicated  branched  system  of  spaces,  the 
movement  of  the  lymph  through  the  gland  is  retarded,  and,  owing  to  the 
numerous  resistances  which  occur  in  its  path,  it  has  very  little  propulsive  energy. 
The  lymph-corpuscles  which  lie  in  the  meshes  of  the  adenoid  reticulum  are  Avashed 
out  of  the  gland  by  the  lymph-stream.  The  lymph-corpuscles  lying  within  the 
follicular  threads  pass  through  the  narrow  meshes  (0)  into  the  lymph-paths.  The 
formation  of  lymph-corpuscles  either  occurs  locally,  from  division  of  the  pre- 
existing cells,  or  new  leucocytes  wander  out  into  the  follicular  threads.  The 
movement  of  the  lymph  through  the  gland  is  favoured  by  the  muscular  action  of 
the  capsule.  When  the  capsule  contracts  energetically,  it  must  compress  the 
gland  like  a  sponge,  and  the  direction  in  which  the  fluid  moves  is  regulated  by 
the  position  and  arrangement  of  the  valves. 

[Formation  of  leucocytes  in  lymph-glands. — This  takes  place  chiefly  in  the 
cortical  alveoli.  In  the  centre  of  each  is  a  germ-centre,  in  the  form  of  a  spherical 
group  of  leucocytes,  which  stain  more  deeply  with  staining  reagents  than  the 
surrounding  leucocytes.  These  cells  divide  by  mitosis,  and  the  chromatin 
filaments  can  be  stained  with  saffranin  or  other  chromatin  dye  (fig.  275). 
Mitosis  takes  place  to  a  much  less  extent  in  the  medullary  cords  and  the  cells 
of  the  lymph-stream  itself.] 

Chemistry  of  lymph-glands. — In  addition  to  the  constituents  of  lymph  and  leucocytes 
(§  24),  the  following  chemical  siibstances  have  been  found  in  lymphatic  glands — leucin  and 
xanthin. 

198.  PROPERTIES  OF  LYMPH  AND  CHYLE.— Lymph  is  an  albuminous, 
colourless,  clear  alkaline  fluid,  containing  lymph-corpuscles,  which  are  identical 
with  the  colourless  blood-corpuscles  (§  9).  [Its  specific  gravity  is  1012-1022. J 
In  some  places,  e.g.,  in  the  thoracic  duct,  a  few  coloured  blood-corpuscles  have 
been  found.  The  lymi3h-corpuscles  are  supplied  to  the  lymph  and  chyle  from  the 
lymphatic  glands  and  the  adenoid  tissue.  As  to  their  source  see  §  200,  2.  They 
also  pass  out  of  the  blood-vessels  and  wander  into  the  lymphatics.  As  red  blood- 
corpuscles  have  also  been  seen  to  pass  out  of  the  blood-vessels,  this  explains  the 
occasional  presence  of  these  corpuscles  in  some  lymphatics  ;  but  when  the  pressure 
within  the  veins  is  high,  near  the  central  orifice  of  the  thoracic  duct,  red  blood- 
corpuscles  may  pass  into  the  thoracic  duct.  But  we  are  not  entitled  to  conclude 
from  their  pressure  that  lymph-cells  form  red  blood-corpuscles.  In  addition,  the 
chyle  contains  numerous  fatty  granules,  each  surrounded  with  an  albuminous 
envelope.  [Thus  the  chyle,  in  addition  to  the  constituents  of  the  lymph,  contains, 
especially  during  digestion,  a  very  large  amount  of  fat,  in  the  form  of  the  finely- 
emulsionised  fat  of  the  food,  which  gives  it  its  characteristic  luhite  or  milky 
appearance.  During  hunger,  the  fluid  in  the  lacteals  resembles  ordinary  lymph. 
The  fine  fat-granules  constitute  the  so-called  "  molecular  basis  "  of  the  chyle.] 

Composition  of  Lymph. — The  lymph  consists  of  lymph-plasma  with  lymph- 
corpuscles  suspended  in  it.  The  corpuscles  or  leucocytes  are  described  in  §  24. 
The  lymph-plasma  contains  the  three  so-called  fibrin-factors,  derived  very  probably 
from  the  breaking  up  of  lymph-corpuscles  (§  29),  When  lymph  is  withdrawn 
from  the  body,  these  substances  cause  it  to  coagulate.  Coagulation  occurs  slowly, 
owing  to  the  formation  of  a  soft,  jelly-like,  small  lymph-clot,"  which  contains 
most  of  the  lymph-corpuscles.  The  exuded  fluid  or  lymph-serum  contains  alJcali- 
alhuminate  (precipitated  by  acids),  serum-albumin  (coagulated  by  heat),  and  para- 
glohuUn — the  latter  two  occurring  in  less  amount  but  in  the  same  proportion  as  in 
the  blood-serum  ;  37  per  cent,  of  the  coagulable  proteids  is  paraglobulin. 
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[After  rapid  injection  of  peptone  into  the  blood  the  lymph  does  not  clot  {Fano).  Peptone 
injection  profoundly  alters  the  endothelial  cells  of  the  blood-capillaries.] 

[The  same  organic  constituents  occur  in  lymph  as  in  blood-plasma,  although  in 
difierent  proportions,  but  COg  and  urea  are  more  abundant  in  lymph  than  blood. 
The  inorganic  constituents  are  approximately  the  same  in  amount  and  in  the  same 
proportions  in  the  two  fluids  : — ■ 

Human  Blood-plasma.  Human  Lymph 

Water,  ....  902-90 
Solids,      .  .  .  .97-10 

Fibrin,         .  .  .  4*05 

Other  Proteids,         .  .  78-84 

Extractives,  .  .  .  5-66 

Inorganic  salts,         .  .  78-55 


986-34 
13-66 

1-  07 

2-  30 
1-51 
8-78.] 


(1)  Chyle  is  the  name  given  to  the  fluid  which  occurs  within  the  lacteals  of  the 
intestinal  tract  during  tlie  digestion  of  fatty  food.  It  can  only  be  obtained  in 
very  small  amount  before  it  is  mixed  with  lymph,  and  hence  the  difficulty  of 
investigating  it.  A  few  lymph-corpuscles  occur  even  in  the  origin  of  lacteals 
within  the  villi,  but  their  number  increases  in  the  vessels  beyond  the  intestine, 
more  especially  after  the  chyle  has  passed  through  the  mesenteric  glands.  The 
amount  of  solids,  which  undergoes  a  great  increase  during  digestion,  on  the 
contrary,  diminishes  when  chyle  mixes  with  lymph.  After  a  diet  rich  in  fatty 
matters  the  chyle  contains  innumerable  fatty  granules  (2-4  in  size).  [This  is 
the  so-called  "molecular  basis"  of  the  chyle.]  The  amount  oi  fibrin  factors 
increases  with  the  increase  of  lymph-corpuscles  as  they  are  formed  from  the  breaking 
up  of  the  lymph-corpuscles  ;  a  diastatic  ferment  absorbed  from  the  intestine ; 
occasionally  sugar  ;  after  much  starchy  food  lactates  ;  peptone  in  the  leucocytes 
(§  192,  I.,  3),  and  traces  of  urea  and  leucin.  [The  chyle  contains  a  greater  per- 
centage of  solids,  as  compared  with  lymph,  while  the  fats  are  specially  abundant 
in  chyle.] 

The  Chyle  of  a  person  who  was  executed  contained  90-5  per  cent,  of  water. 

f  Fibrin,  . 
Albumin, 

Solids,  .       .       .       .       .    9-5    ^  Fats, 

I  Extractives, 
L  Salts,  . 

Schmidt  found  the  following  inorganic  substances  in  1000  parts  of  chyle  of  a  horse 


trace 
7-1 

0-  9 

1-  0 
0-5 


Sodic  chloride, 
Soda,  . 
Potash, 


5-84 
1-17 
0-13 


Sulphuric  acid. 
Phosphoric  acid. 
Calcic  phosphate. 


0-05 
0-05 
0-20 


Magnesic  phosphate,  0-05 
Iron,        .        .       .  trace. 


[The  following  table  shows  the  composition  of  chyle  in  some  animals 


100  Parts  Chyle  contains 


Water, 
Solids, 


Fibrin, 
Proteids, 
Fat,  &c.. 
Extractives 
Salts, 


90-5 
9-5 

0-  1 
7-0 

1-  0 

1-4 


Dog. 

Horse. 

91-2 

92-8 

8-8 

7-2 

0-1 

01 

2-7 

4-0 

4-9 

1-5 

0-3 

0-8 

0-8 

0-8 

(Münk).] 

[Extravasations  of  Chyle  and  Chylous  Ascites.— After  ligature  of  the  thoracic  duct  in  dogs,  the 
receptaculum  chyli  bursts  and  the  chyle  is  discharged  into  the  peritoneal  cavity.  Sometimes 
there  is  rupture  of  the  lacteal  paths  in  man,  when  the  chyle  passes  into  the  peritoneum,  causing 
chylous  dropsy.] 

(2)  The  lymph  obtained  from  the  beginning  of  the  lymphatic  system  also  con- 
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tains  very  few  lymph-corpuscles  ;  it  is  clear,  transparent,  and  colourless,  and  closely 
resembles  the  fluids  of  serous  cavities.  That  the  lymph  coming  from  different 
tissues  varies  somewhat  is  highly  probable,  but  this  has  not  been  proved.  After 
lymph  has  passed  through  lymphatic  glands,  it  contains  more  corpuscles,  and  also 
more  solids,  especially  albumin  and  fat.  Ritter  counted  8200  lymph-corpuscles  in 
1  cubic  centimetre  of  the  lymph  of  a  dog. 

Lymph  obtained  from  a  lymphatic  fistula  in  the  leg  of  a  man  has  an  alkaline 
reaction  and  a  saline  taste,  and  the  following  composition  :— 


Lymph 
{Hensen  &  Däfmhardt). 

Cerebro-spinal  Fluid 
{Hoppe-Seyler). 

Pericardial  Fluid 
{v.  Gorup-Besanez). 

Water,  .  .  .  .98-63 
Solids,  .  .  .  .1-37 
i          Fibrin,      .       .       .  O'll 

Albumin,  .  .  .  0'14 
i          Alkali-albuminate,    .  0*09 

Extractives,     |  q.-^^ 

XJrea,,  Leucin,  ) 

Salts,  .  .  .0-88 
70  vol.  %  of  absorbed  COg,  .50  %  could 
be  pumped  out,  and  20  7o  liberated 
by  the  addition  of  an  acid. 

98-74 
1-25 

0-16 

The  cerebro-spinal  fluid  and  ab- 
dominal lymph  contain  a  kind  of 
sugar  (?)  (without  the  property  of 
rotating  polarised  light — Hoppe- 
SeyJer). 

95-51 
4-48 

0-  08 
2-46 

1-  26 

[The  following  table  from  Münk  shows  the  composition  of  lymph  in  man  and  some  animals— 


100  parts  of  Lymph  contain 

Man. 

Horse. 

Ox. 

Water,  ...... 

95-0 

95-8 

96-4 

Solids,  .       .  ... 

5-0 

4-2 

3-6 

Fibrin,  .... 

0-1 

0-1 

0-1 

Proteids,  .... 

4-1 

2-9 

2-8 

Fats,  &c.,  . 

traces 

traces 

traces 

Extractives,  .... 

0-3 

0-1 

0-1 

Salts  

0-5 

1-1 

0-6] 

100  parts  of  the  ash  of  lymph  contained  the  following"substances 


0-98 

0-  27 

1-  09 


Sulphuric  acid, 
Carbonic  acid, 
Iron  oxide. 


1-28 
8-21 
0-06 


Sodium  chloride,        .    74-48  Lime, 
Soda,  .       .       .    10-36    Magnesia,  . 

Potash,       .       .       .3-26    Phosphoric  acid,  . 

Just  as  in  blood,  potash  and  phosphoric  acid  are  most  abundant  in  the 
corpuscles  ;  while  soda  (chiefly  sodium  chloride)  is  most  abundant  in  the  lymph- 
serum.  The  potash  and  phosphoric  acid  compounds  are  most  abundant  in  cerebro- 
spinal fluid,  according  to  C.  Schmidt.  The  amount  of  water  in  the  lymph  rises 
and  falls  with  that  of  the  blood. 

Gases  of  Lymph. — Dog's  lymph  contains  much  COg — more  than  40  vols,  per 
cent.,  of  which  17  per  cent,  can  be  pumped  out,  and  23  per  cent,  expelled  by 
acids,  while  there  are  only  traces  of  0  and  1*2  vols,  per  cent.  {Ludioig, 
Hammarsten).    See  also  p.  224. 

[The  cerebro-spinal  fluid  contains  a  substance  which  reduces  an  alkaline  solution  of  cupric- 
hydrate.  It  is  not  sugar  but  pyrocatechin.  The  potassic  are  in  excess  of  the  soda  salts,  while 
the  fluid  of  meningoceles  and  chronic  hydrocephalus  contains  proto-albumose,  some  serum- 
globulin,  no  serum-albumin,  but  the  last  is  present  in  acute  hydrocephalus  fluid.  No  albumose 
is  found  in  pericardial  or  pleuritic  fluids  {Halliburton).  This  fluid  is  not  a  simple  exudation 
from  the  blood.    It  presents  rather  the  characters  of  a  secretion.] 

[Serosity  or  Lymph  of  Serous  Cavities. — Ranvier  has  made  the  remarkable 
discovery  that  the  fluid  in  normal  serous  cavities,  e.g.,  the  peritoneum,  is  usually 
not  clear  like  water,  but  somewhat  turbid  or  even  opalescent.  This  fluid  always 
contains  red  blood-corpuscles  and  several  varieties  of  spherical  colourless  corpuscles 
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varying  in  structure  and  reactions  according  to  the  animal  examined.  In  the 
fluid  from  the  rabbit's  peritoneal  cavity,  nearly  all  the  colourless  cells  have  the 
same  structure,  although  their  diameter  varies  from  6  to  20  fi.  The  largest 
variety  often  contains  many  vacuoles.  There  are  no  cells  so  large  either  in  the 
lymph  or  blood.  ■  Most  of  the  cells  exhibit  amoeboid  movements.  If  they  are 
lymphatic  cells,  they  have  become  greatly  altered  after  leaving  the  vessels  and 
passing  into  the  peritoneal  cavity.  In  the  rat  also  there  are  colourless  cells, 
some  of  which  are  amoeboid  and  others  not.  The  last  variety — non-amoeboid— is 
granular  and  very  large,  20-25  /x  in  diameter,  and  are  readily  coloured  by  fuchsin 
or  methyl- violet,  is^o  corresponding  cells  exist  in  the  rat  or  rabbit.  In  the 
pleuro-peritoneal  cavity  of  reptiles  similar  large  granular  cells  are  found,  com- 
parable to  those  of  the  rat,  but  no  large  granular  cells  occur  in  the  frog.  Eanvier 
is  of  opinion  that  there  is  a  close  relationship  between  true  clasmatocytes  (p.  375) 
and  the  non-amoeboid  cells  of  the  serosity  of  the  pleuro-peritoneal  cavity.] 

199.  QUANTITY  OF  LYMPH  AND  CHYLE.— When  it  is  stated  that  the 
total  amount  of  the  lymph  and  chyle  passing  through  the  large  vessels  in  tiventy- 
four  hours  is  equal  to  the  amount  of  the  blood,  it  must  be  remembered  that  this  is 
merely  a  conjecture.  Of  this  amount  one-half  may  be  lymph  and  the  other  half 
chyle.  The  formation  of  lymph  in  the  tissues  takes  place  continually,  and  without 
interruption.  Js^early  6  kilos,  of  lymph  were  collected  in  twenty-four  hours  from  a 
lymphatic  fistula  in  the  arm  of  a  woman,  by  Gubler  and  Quevenne ;  70  to  100 
grms.  were  collected  in  1 J  to  2  hours  horn  the  large  lymph-trunk  in  the  neck  of  a 
young  horse.    The  following  conditions  aifect  the  amount  of  chyle  and  lymph: — 

(1)  The  amount  of  chyle  undergoes  very  considerable  increase  during  digestion, 
more  especially  after  a  full  meal,  so  that  the  lacteals  of  the  mesentery  and  intestine 
are  distended  with  white  or  milky  chyle.  During  hunger  the  lymph-vessels  are 
collapsed,  so  that  it  is  difficult  to  see  the  large  trunks. 

(2)  The  amount  of  lymph  increases  especially  with  the  activity  of  the  organ 
from  which  it  proceeds.  Active  or  passive  muscular  movements  greatly  increase 
its  amount.  Lesser  obtained  in  this  way  300  cubic  centimetres  of  lymph  from  a 
fasting  dog,  whereby  its  blood  became  so  inspissated  as  to  cause  death. 

(3)  All  conditions  which  increase  the  pressure  upon  the  juices  of  the  tissues 
increase  the  amount  of  lymph,  and  vice  versa.    These  conditions  are  : — 

{a)  An  increase  of  the  blood-pressure,  not  only  in  the  whole  vascular  system,  but  also  in  the 
vessels  of  the  corresponding  organ,  augments  the  amount  of  lymph,  and  vice  versa  {Ludwig, 
Tomsa).  This,  however,  is  doubtful,  as  has  been  shown  by  Paschutin  and  Emmmghaus.  [In 
order  to  increase  the  amount  of  lymph  depending _  upon  pressure  within  the  vessels,  what 
must  happen  is  increased  pressure  within  the  capillaries  and  veins.] 

(&)  Ligature  or  obstruction  of  the  efferent  veins  greatly  increases  the  amount  of  lymph  which 
flows  from  the  corresponding  parts  [Bidder,  Emviinghaus).  It  may  be  doubled  in  amount. 
Tight  bandages  cause  a  swelling  of  the  parts  on  the  peripheral  side  of  the  bandage,  owing  to  a 
copious  eff'usion  of  lymph  into  the  tissue  (congestive  oedema). 

(c)  An  increased  supply  of  arterial  blood  acts  in  the  same  way,  but  to  a  less  degree. 
Paralysis  of  the  vaso-motor  nerves,  or  stimulation  of  vaso-dilator  fibres,  by  increasing  the  supply 
of  blood  increases  the  amount  of  lymph  ;  while  diminution  of  the  blood-supply,  owing  to 
stimulation  of  vaso-motor  fibres  or  other  causes,  diminishes  the  amount.  Even  alter  ligature 
of  both  carotids,  as  the  head  is  still  supplied  with  blood  by  the  vertebrals,  the  lymph-stream  in 
the  large  cervical  lymphatic  does  not  cease. 

(4)  When  the  total  amount  of  the  blood  is  increased,  by  the  injection  of  blood  or  serum 
into  the  arteries,  much  fluid  passes  into  the  tissues  and  increases  the  formation  of  lymph. 

(5)  The  formation  of  lymph  still  goes  on  for  a  short  time  after  death,  and  after  complete 
cessation  of  the  action  of  the  heart,  but  only  to  a  slight  extent.  If  fresh  blood  be  caused  to 
circulate  in  the  body  of  an  animal,  while  it  is  still  warm,  more  lymph  flows  from  the  lym- 
phatics. It  appears  as  if  the  tissues  obtained  plasma  from  the  blood  for  a  time  alter  the 
stoppage  of  the  circulation.  This  ])erhaps  explains  the  circumstance  that  some  tissues,  e.g., 
connective-tissues,  contain  more  fluid  after  death  than  during  life,  while  the  blood-vessels  have 
given  out  a  considerable  amount  of  their  plasma  after  death. 
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(6)  The  amount  of  lymph  is  increased  under  the  influence  of  curare,  and  so  is  the  amount 
of  solids  in  the  lymph  {Lesser).  A  large  amount  of  lymph  collects  in  the  lymph-sacs  [especially 
the  sub-lingual]  of  frogs  poisoned  with  curare,  which  is  partly  explained  by  the  fact  that  the 
lymph-hearts  are  paralysed  by  curare. 

(7)  The  amount  of  lymph  is  also  increased  in  inflamed  parts. 

[(8)  Injection  of  peptone  into  the  blood  causes  a  large  increase  in  the  rate  of  flow  of  lymph. 
In  the  thoracic  duct  it  may  be  increased  tenfold,  notwithstanding  the  fall  of  blood-pressure  due 
to  the  peptone  injected.    The  amount  of  solids  also  increase  {Heidenhain).'] 

200.  ORIGIN  OF   LYMPH.— (1)   Source  of  the    Lymph-Plasma.— The 

lymph-plasma  may  be  partly  regarded  as  fluid  which  has  been  pressed  through  the 
walls  of  the  blood-vessels  by  the  blood-pressure,  i.e.,  by  filtration  into  the  tissues. 
The  salts  which  pass  most  readily  through  membranes  go  through  nearly  in  the 
same  proportion  as  they  exist  in  blood-plasma — the  fibrin-factors  to  about  two- 
thirds,  and  albumin  to  about  one-half  of  that  in  the  blood  (p.  43).  As  in  the  case 
of  other  filtration-processes,  the  amount  of  lymph  must  increase  with  increasing 
pressure. 

Ludwig  and  Tomsa  found  that  when  they  passed  blood-serum  under  varying  pressures 
through  the  blood-vessels  of  an  excised  testis,  the  amount  of  transuded  fluid  which  flowed  from 
the  lymphatics  varied  with  the  pressure.  This  "artificial-lymph"  had  a  composition  similar 
to  that  of  the  natural  lymph.  Even  the  amount  of  albumin  increased  with  increasinglpressure. 
The  lymph-plasma  is  mixed  in  the  diff"erent  tissues  with  the  decomposition  products,  the  results 
of  the  metabolism  of  the  tissues. 

[There  are  reasons  for  thinking  that  the  formation  of  lymph  is  not  entirely,  or 
chiefly  due  to  filtration,  i.e.,  it  is  not  merely  a  transudation  from  the  blood-vessels. 
By  some  it  is  regarded  as  a  secretory  product  of  the  cells  of  the  capillary  wall 
{Heidenhain).'] 

[When  sugar,  egg-albumin,  peptone,  urea,  or  NaCl  are  injected  into  the  blood  they  pass  in  a 
concentrated  form  into  the  increased  lymph-stream.  If  peptone  be  injected  the  blood-pressure 
falls  enormously,  still  these  bodies  pass  into  the  lymph,  so  that  their  passage  cannot  be  due 
entirely  to  blood-pressure.  The  increase  of  the  lymph  under  (8)  led  Heidenhain  to  regard  the 
formation  of  lymph  not  as  a  transudation,  but  as  a  true  secretion  from  the  blood-vessels.  With 
the  increase  of  the  lymph-stream,  the  secretion  of  urine  also  increases.  One  may  regard  the 
lymph-system  as  a  reservoir  which  temporarily  takes  up  substances  from  the  blood  iintil  they 
can  be  excreted  by  the  urine  {Eeidenliain).  Peptone  when  injected  slowly  into  the  blood  is 
excreted  in  the  urine,  but  if  the  renal  vessels  are  tied  it  passes  from  the  blood  into  the  lymph. 
If  it  be  rapidly  injected  it  is  chiefly  thrown  out  into  the  lymph,  and  after  a  time  it  passes  from 
the  lymph  in  the  tissues  of  the  body  into  the  thoracic  duct  and  then  enters  the  blood  again.] 

[If  peptone  be  injected  into  the  lymphatic  system  it  can  be  recovered  unchanged. 
Thus  the  lymphatic  glands  have  not  the  power  to  assimilate  peptone  and  convert 
it  into  serum-albumin,  as  has  been  suggested  by  some  observers  [Shore).] 

When  the  muscles  act,  not  only  is  the  lymph  poured  out  more  rapidly,  but 
more  lymph  is  formed.  The  tendons  and  fasciae  of  the  muscles  of  the  skeleton, 
which  are  provided  with  numerous  small  stomata,  absorb  the  lymph  from  the 
muscles.  By  the  alternate  contraction  and  relaxation  of  these  fibrous  structures, 
they  act  like  suction-pumps,  whereby  the  lymphatics  are  alternately  filled  and 
emptied,  while  the  lymph  is  propelled  onwards.  Even  passive  movem.ents  act  in 
the  same  way.  If  solutions  be  injected  under  the  fascia  lata,  they  may  be  propelled 
onwards  to  the  thoracic  duct  by  passive  movements  of  the  limb  {Ludwig,  Schweig- 
ger-Seidel). 

(2)  The  source  of  the  lymph-corpuscles  varies. — (1)  A  very  considerable 
number  of  lymph-corpuscles  are  derived  from  the  lymphatic  glands  (p.  381); 

they  are  washed  out  of  these  glands  into  the  vas  efi'erens  by  the  lymph-stream ; 
hence,  the  lymph  always  contains  more  corpuscles  after  it  has  passed  through  a 
lymph-gland.  Small  isolated  lymph-follicles  permit  corpuscles  to  pass  through 
their  limiting  layer  into  the  lymph-stream.  (2)  Those  organs  whose  basis  consists 
of  adenoid  tissue  and  in  whose  meshes  numerous  lymph-corpuscles  occur,  e.g.,  the 

25 


386  ORIGIN  AND  DECAY  OF  LYMPH-CORPUSCLES.        [SeC.  200. 

mucous  membrane  of  the  entire  intestinal  tract,  red  marrow  of  bone,  and  the 
spleen  (§  103)  The  cells  reach  the  origin  of  the  lymph-stream  by  their  own 
amoeboid  movements.  (3)  As  lymph-corpuscles  are  returned  to  the  blood-stream, 
where  they  appear  as  colourless  blood-corpuscles,  so  they  again  pass  out  of  the 
blood-capillaries  into  the  tissues,  partly  owing  to  their  amoeboid  movements,  and 
they  are  partly  expelled  by  the  blood-pressure.  In  rare  cases  lymph-corpuscles 
wander  from  lymphatic  spaces  back  again  into  the  blood-vessels. 

Fine  particles  of  cinnabar  or  milk-globules  introduced  into  the  blood  soon  pass  into  the  lym- 
phatics The  extrusion  of  particles  is  greater  during  venous  congestion  than  when  the  cn^cula- 
tion  is  undisturbed,  just  as  with  diapedesis  (§  95)  ;  inflammatory  afl-ections  of  the  vascular 
wall  also  favour  their  passage.    The  vessels  of  the  portal  system  are  especially  pervious. 

(4)  By  mitotic  division  of  the  lymph-corpuscles  (p.  381),  and  also  by 
proliferation  of  the  fixed  connective-tissue  corpuscles.  This  process  certainly 
occurs  during  inflammation  of  many  organs.  This  has  been  proved  for  the  excised 
cornea  kept  in  a  moist  chamber;  the  nuclei  of  the  cornea-corpuscles  also 
proliferate. 

That  the  connective-tissue  corpuscles  proliferate  is  shown  by  the  enormous  production  of 
Ivmph-corpuscles  in  acute  inflammations  (with  the  formation  of  pus)  e.g.  extensive 
erysipelas,  and  inflammatory  purulent  effusions  into  serous  cavities,  where  the  number  of 
corpuscles  is  too  great  to  be  explained  by  the  wandering  of  blood-corpuscles  out  of  the  blood- 
vessels. 

Decay  of  Lymph-Corpuscles.— The  lymph-corpuscles  disappear  partly  where  the 
lymphatics  arise,  and  also  in  the  lymphatic  glands.  The  presence  of  the  fibrm- 
factors  in  the  lymph— formed  as  they  are  from  the  breakmg-up  of  lymph-corpuscles 
—seems  to  indicate  this.  In  inflammation  of  connective-tissue,  in  addition  to  the 
formation  of  numerous  new  lymph-corpuscles,  a  considerable  number  seems  to  be 
dissolved  ;  hence  the  lymph,  and  also  the  blood,  in  this  case  contains  more  fibrin. 
Lymph-corpuscles  are  also  dissolved  within  the  blood-stream,  and  help  to  form  the 
fibrin-factors,  [or  rather  the  precursor  of  fibrin]. 

201  MOVEMENT  OF  CHYLE  AND  LYMPH.— The  ultimate  cause  of  the 
movement  of  the  chyle  and  lymph  depends  upon  the  difference  of  the  pressure  at 
the  origin  of  the  lymphatics,  and  the  pressure  where  the  thoracic  duct  opens  into 

the  venous  system.  .  .     x.       i  4.-  j 

(1)  The  forces  which  are  active  at  the  origm  of  the  lymphatics  are  concerned 
in  moving  the  lymph,  but  these  must  vary  according  to  the  place  of  origin— 
la)  The  lacteals  receive  the  first  impulse  towards  the  movements  of  their  contents— 
the  chyle— from  the  contraction  of  the  muscular  fibres  of  the  vüH  (pp.  356,  363). 
When  these  contract  and  shorten,  the  axial  lacteal  is  com^jressed,  and  its  contents 
are  forced  in  a  centripetal  direction  towards  the  large  lymphatic  trunks.  When  the 
viUi  relax,  the  numerous  valves  prevent  the  return  of  the  chyle  into  the  vilh. 
ih)  Within  those  lymphatics  which  take  the  form  of  perivascular  spaces,  every  time 
the  contained  blood-vessel  is  dilated  the  surrounding  lymph  will  be  pressed  onwards. 

(c)  In  case  of  the  pleural  lymphatics  with  open  mouths,  every  mspiratory  move- 
ment acts  like  a  suction-pump  upon  the  lymph,  and  the  same  is  the  case  with 
the  openings  or  stomata  of  the  lymphatics  on  the  abdominal  side  of  the  diaphragm. 

(d)  In  the  case  of  those  vessels  which  begin  by  means  of  fine  juice-canals,  the 
movement  of  the  lymph  must  largely  depend  upon  the  tension  of  the  juices  of 
the  parenchyma,  and  this  again  must  depend  upon  the  tension  or  pressure  in  the 
Mood-capillaries,  so  that  the  blood-pressure  acts  like  a  vis  a  tergo  m  the  rootlets  of 
the  lymphatics. 

rin  some  organs  peculiar  pumping  arrangements  are  brought  into  action.  The  abdominal 
surface  of  the  central  tendon  of  the  diaphragm  is  provided  with  stomata,  or  open  communica- 
tions between  the  peritoneal  cavity  and  the  lymphatics  in  the  substance  t^^^^^^^^^'  ^^^^ 
Kecklincxhausen  found  that  milk  put  upon  the  peritoneal  surface  of  the  central  tendon  showed 
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Fig.  277. 

Section  of  central  tendon  of  diaphragm. 


The  injected  lymph-spaces, 


h  and  h,  are  black.    At /  the  walls  of  the  space  have  collapsed 


little  eddies,  caused  by  the  milk-globules  passing  through  the  stomata  and  enteriiag  the 
lymphatics.  The  central  tendon  consists  of  two  layers  of  fibrous  tissue  arranged  in  different 
directions  (fig.  277,  &,  c).  When  the  diaphragm  moves  during  respiration,  these  layers  are 
alternately  pressed  together  and  pulled  apart.  Thus  the  spaces  are  alternately  dilated  and 
contracted,  lymph  being  drawn  into  the  lymphatics  through  tlie  stomata  (fig.  277,  li).  The 
same  kind  of  pumping  mechanism  exists  over  the  costal  pleura.  The  fascia  covering  the 
muscles  is  another  similar  mechanism.  The  fascia  consists  of  two  layers  of  fibrous  tissue,  with 
intervening  lymphatics  (fig.  278).  When  a  muscle  contracts,  lymph  is  forced  out  from  between 
the  layers  of  the  fascia,  while,  when  it  relaxes,  the  lymph  from  the  muscle,  carrying  with  it  some 
of  the  waste  products  of 
muscular  action,  passes 
out  of  the  muscle  into 
the  fascia,  between  the 
now  partially  separated 
laj^ers.] 

[Lud  wig' s  Experiment. 
— Tie  a  respiration  can- 
nula in  the  trachea  of  a 
dead  rabbit  ;  cut  across 
the  body  of  the  animal 
immediately  below  the 
diaphragm  ;  remove  the 
viscera,  and  ligature  the 
vessels  passing  between  the  thorax  and  abdomen  ;  tie  the  thorax  to  an  iron  ring,  and  hang  it 
up  with  the  head  downwards  ;  pour  a  solution  of  Berlin  blue  upon  the  peritoneal  surface  of  the 
diaphragm  ;  connect  the  respiration  cannula  either  with  a  pair  of  bellows  or  an  apparatus  for 
artificial  respiration,  and  imitate  the  respiratory  movements.  After  a  few  minutes  the 
lymphatics  are  filled  with  a  blue  injection  showing  a  beautiful  plexus.] 

(2)  Within  the 
lymph'  -  trunks 
themselves,  the 
independent  con- 
traction of  their 
muscular  fibres 
partly  aids  the 
lymph  stream. 
Heller  observed 
in  the  mesentery 
of  the  guinea-pig 
that  the  peri- 
staltic movement 

of  the  lymphatic  wall  passed  in  a  centripetal  direction.  The  numerous  valves 
prevent  any  reflux.    The  contraction  of  the  surrounding  muscles,  and  pressure 

upon  the  vessels  and  the  tissues,  aid  the  current.  If  the  outflow  of  blood  from  the 
veins  is  interfered  with,  lymph  flows  copiously  from  the  corresponding  tissues. 
[If  a  cannula  be  tied  in  a  lymphatic  of  a  dog,  a  few  drops  of  lymph  flow  out  at 
long  intervals.  But  if  even  passive  movements  of  the  limb  be  made,  e.g.,  simply 
flexing  and  extending  the  limb,  the  outflow  becomes  very  considerable  and  con- 
tinuous.] 

(3)  The  lymph-glands,  which  occur  in  the  course  of  the  lymphatics,  offer  very 
considerable  resistance  to  the  lymph-stream,  which  must  pass  through  the  lymph- 
paths,  whose  spaces  are  traversed  by  adenoid  tissue,  and  contain  a  few  lymph- 
corpuscles.  But  this  is,  to  a  certain  extent,  compensated  for  by  the  non-striped 
muscle  which  exists  in  the  capsule  and  trabeculse  of  the  glands.  When  they  con- 
tract they  force  on  the  lymph,  while  the  valves  prevent  its  reflux.  Enlarged 
lymphatic  glands  have  been  seen  to  contract  when  stimulated  electrically.  [Botkin 
has  stimulated  enlarged  lymphatic  glands  with  electricity  in  cases  of  leuksemia,  and 
found  that  they  contracted  somewhat,] 

(4)  The  lymph-vessels  gradually  join  to  form  larger  vessels,  and  finally  end  in 


Fig.  27 i 

Injected  lymph-spaces  (black)  from  the  fascia  lata  of  the  dog. 
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one  trunk.  Tims  the  sectional  area  diminishes,  so  that  the  velocity  of  the  current 
and  the  pressure  are  increased.  JS^evertheless,  the  velocity  is  always  small;  it 
varied  from  230  to  300  millimetres  per  minute  in  the  large  lymphatic  in  the  neck 
of  a  horse,  a  fact  which  enables  us  to  conclude .  that  the  movement  must  be  very 
slow  in  small  vessels.  The  lateral  pressure  at  the  same  place  was  10  to  20  mm., 
and  in  the  dog  5  to  10  mm.  of  a  weak  solution  of  soda,  although  it  was  =  12  mm. 
Hg  in  the  thoracic  duct  of  a  horse. 

(5)  The  respiratory  movements  exercise  a  considerable  influence  upon  the 
lymph-stream  in  the  thoracic  duct,  and  in  the  right  lymphatic  duct ;  every  inspira- 
tion favours  the  passage  of  the  venous  blood,  and  also  of  the  lymph  towards  the 
heart ;  indeed,  the  pressure  in  the  thoracic  duct  may  even  become  negative.  [The 
diastolic  suction  of  the  heart,  hj  diminishing  the  pressure  in  the  subclavian  vein, 
also  favours  the  inflow  of  lymph  into  the  thorax.] 

(6)  Lymph-hearts  exist  in  certain  cold-blooded  animals.  The  frog  has  two  axiUary  hearts 
(above  the  shoulder  near  the  vertebral  column),  and  two  sacral  hearts,  one  on  each  side  of  the 
coccyx  near  the  anus  (fig.  279,  L).    They  beat,  but  not  synchronously,  about  sixty  times  per 

minute,  and  contain  10  cubic  millimetres  of  lymijh. 
They  have  transversely-striped  muscular  fibres  in  their 
walls,  and  are  also  provided  with  nerve- ganglia.  The 
posterior  pair  pump  the  lymph  into  the  branch  of  the 
vena  iliaca  communicans,  and  the  anterior  pair  into 
the  vena  sub-scapularis.  Their  pulsation  depends 
partly,  but  not  exclusively,  upon  the  spinal  cord,  for 
if  the  cord  be  rapidly  destroyed,  they  may  cease  to 
pulsate,  but  not  nnfrequently  they  continue  to  pulsate 
after  removal  of  the  cord.  [If  the  cord,  however,  be 
destroyed  gradually,  they  continue  to  beat  {Kabrhel).] 
A  second  source  of  their  pulsatile  movements  is  to  be 
sought  for  in  Waldeyer's  ganglia.  Stimulation  of  the 
skin,  intestine,  or  blood-heart  influences  them  reflexly 
— partly  accelerating  and  partly  retarding  them,  [most 
frequently  arresting  them  in  diastole,  so  that  there 
seems  to  be  an  inhibitory  mechanism  in  the  cord,  but 
it  is  not  affected  by  atropine  (Kabrhel).'}  If  the  coccy- 
geal nerve,  which  connects  the  sacral  hearts  to  the  spinal 
cord,  be  divided,  these  effects  do  not  occur.  Strychnia  accelerates  their  movements,  and  so 
does  heating  of  the  spinal  cord  ;  but  if  the  cord  be  cooled,  they  are  retarded.  A  lymph-heart 
arrested  by  being  exposed,  or  after  the  action  of  muscarin,  can  be  caused  to  beat  by  filling  it 
under  pressure,  but  this  is  not  the  case  when  the  arrest  is  caused  by  destruction  of  its  nerves. 
Antiarin  paralyses  the  lymph-heart  and  the  blood-heart  at  the  same  time,  while  curare 
paralyses  the  former  alone.  In  other  amphibians  there  are  two  lymph-hearts  ;  in  the  ostrich 
and  cassowary  and  some  swimming  birds,  and  in  the  embryo  chick  1  or  2.  They  occur  m  some 
fishes,  e.g.,  near  tlie  caudal  vein  of  the  eel, 

(7)  The  nervous  system  has  a  direct  effect  upon  the  lymph-stream,  on  account 
of  its  connection  with  the  muscles  of  the  lymphatics  and  lymph-glands,  and  with 
the  lymph-hearts  where  these  exist.  Kühne  observed  that  the  cornea  corpuscles 
contracted  when  the  corneal  nerves  were  stimulated,  [and  Hoff'man  has  described 
the  termination  of  nerves  in  connective-tissue  corpuscles.]  Goltz  also  observed 
that  when  a  dilute  solution  of  common  salt  was  injected  under  the  skin  of  a  frog, 
it  was  rapidly  absorbed,  but  if  the  central  nervous  system  had  been  destroyed,  it 
was  not  absorbed. 

If  inflammation  be  produced  in  the  hind  legs  of  a  dog,  and  if  the  sciatic  nerve  be  divided  on 
one  side,  cedema  and  a  simultaneous  increase  of  the  lymph-stream  occur  on  that  side.  _  [A 
combination  of  congestion  and  inflammation  greatly  increases  the  lymidi-stream,  and  this  is 
still  more  the  case  when  the  nerves  are  divided  at  the  same  time.] 

Ligature  the  leg  of  a  frog,  except  the  nerves,  so  as  to  arrest  the  circulation,  and  place  the 
leg  in  water  ;  it  swells  up  very  rapidly,  but  a  dead  limb  does  not  swell  up.  So  that  absorption 
is  independent  of  the  continuance  of  the  circulation.  Section  of  the  sciatic  nerve,  or  destruction 
of  the  spinal  cord  (but  not  section  of  the  brain),  arrests  absorption. 

202.  ABSORPTION  OF  PARENCHYMATOUS  EFFUSIONS.— Fluids  which 


Fig.  279. 

Posterior  pair  of  lymph-hearts  (L)  of 
the  frog. 
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pass  from  the  blood-vessels  into  the  spaces  in  the  tissues,  or  those  injected 
siibcutaneonsly,  are  absorbed  chiefly  by  the  blood-vessels  but  also  by  the 
lymphatics.  Small  particles,  as  after  tattooing  with  cinnabar  or  China  ink,  may 
pass  from  the  tissue-spaces  into  the  lymjDhatics — and  so  do  blood-corpuscles  from 
extravasations  of  blood,  and  fat-granules  from  the  marrow  of  a  broken  bone.  If 
all  the  lymphatics  of  a  part  are  ligatured,  absorption  takes  place  quite  as  rapidly 
as  before ;  hence,  absorbed  fluid  must  pass  through  the  thin  membranes  of  the 
blood-vessels.  The  corresponding  experiment  of  ligaturing  all  the  blood-vessels, 
when  no  absorption  of  the  parenchymatous  juices  take  place,  does  not  prove  that 
the  lymphatics  are  not  concerned  in  absorption,  for,  after  ligaturing  the  blood- 
vessels of  a  part,  of  course  the  formation  of  lymph,  and  also  the  lymph-stream, 
must  cease.  When  fluids  are  injected  under  the  skin,  absorption  takes  place  very 
rapidly — more  rapidly  than  when  the  substance  is  given  by  the  mouth.  The 
subcutaneous  injection  of  drugs  is  extensively  used,  but  of  course  the  substances 
used  must  not  corrode,  irritate,  or  coagulate  the  tissues. 

Some  substances  do  not  act  when  given  by  the  mouth,  as  snake  poison,  poisons  from  dead 
bodies,  or  putrid  things,  although  they  act  rapidly  when  introduced  subcutaneously.  If 
emulsin  be  given  by  the  mouth,  and  amygdalin  be  injected  into  the  veins  of  an  animal, 
hydrocyanic  acid  is  not  formed,  as  the  emulsin  seems  to  be  destroyed  iu  the  alimentary  canal. 
If  the  emulsin,  however,  be  injected  into  the  blood,  and  the  amygdalin  be  given  by  the  mouth, 
the  animal  is  rapidly  poisoned,  owing  to  the  formation  of  hydrocyanic  acid,  as  the  amygdalin  is 
rapidly  absorbed  from  the  intestinal  canal.  The  amygdalin,  a  glucoside  (CooHa^NOn),  is 
acted  upon  by  fresh  emulsin  like  a  ferment ;  it  takes  up  2(H20)  and  yields  hydrocyanic  acid 
(CHN),  +  oil  of  bitter  almonds  (C^HqO),  +  sugar  2(CoHi20e).  Serum  injected  subcu- 
taneously is  rapidly  absorbed  ;  it  is  decomposed  within  the  blood-stream,  and  increases  the 
amount  of  urea.    Albuminous  solutions,  oil,  peptones,  and  sugars  are  also  absorbed. 

203.  CEDEMA,  DROPSY,  AND  SEROUS  EFFUSIONS. —[Dropsy. —As  aptly  illustrated 
by  Lauder  Brunton,  the  lymph-spaces  may  be  represented  by  cisterns,  each  of  which  is 
provided  with  supply  pipes — the  arteries  and  capillaries  ;  while  there  are  two  exit  pipes — the 
veins  and  lymphatics.  In  health,  the  balance  between  the  inflow  and  outflow  is  such  that  the 
spaces  are  merely  moistened  with  fluid.  When  a  cannula  is  placed  in  a  lymphatic  vessel  in  a 
dog,  only  a  few  drops  of  lymph  flow  out  at  long  intervals,  but  if  the  veins  of  the  limb  be 
ligatured,  the  lymph  flows  much  more  quickly.  This  is  in  part  due  to  the  increased  transuda- 
tion of  fluid  from  the  small  blood-vessels,  but  it  may  also  be  due  to  fluid  passing  away  by 
the  lymphatics  when  it  can  no  longer  be  carried  away  by  the  veins.  We  cannot  say  what  is 
the  relative  share  of  the  veins  and  the  lymphatics,  nor  in  the  above  experiment  do  we  know 
how  much  is  due  to  increased  transudation  or  diminished  absorption.  When  there  is  an  undue 
accumulation  of  fluid  more  or  less  like  serum  in  the  lymph-spaces,  we  have  the  condition 
termed  dropsy.    When  there  is  general  dropsy  it  is  called  anasarca.] 

(Edema. — If  the  efferent  veins  and  lymphatics  of  an  organ  be  ligatured,  or  if  resistance  be 
offered  to  the  outflow  of  their  contents,  congestion  and  a  copious  transudation  of  lymph  into 
the  tissue  take  place.  These  are  most  marked  in  the  skin  and  subcutaneous  cellular  tissue. 
The  soft  parts  swell  up,  without  pain  or  redness,  and  a  doughy  swelling,  which  pits  on  pressure 
with  the  finger,  results.  These  are  the  signs  of  lymph-congestion,  which  is  called  oedema  when 
the  fluid  is  ivatery  and  localised. 

Under  similar  circumstances  lymph  is  effused  into  the  serous  cavities.  [In  the  peritoneum  it 
is  ascites— thorax,  hydro-thorax — pericardium,  hydro-pericardium— cranium,  hydrocephalus 
— tunica  vaginalis,  hydrocele— joints,  hydrarthrosis,  &c.]  If,  at  the  same  time,  a  large 
number  of  colourless  blood-corpuscles  pass  out  of  the  blood-vessels  into  the  cavity,  the  fluid 
becomes  more  and  more  like  pus.  In  order  that  these  corpuscles  may  proliferate,  a  consider- 
able percentage  of  albumin  is  necessary.  When  the  jiressure  within  the  serous  cavity  rises 
above  that  in  the  small  blood-vessels,  water  may  pass  into  the  blood.  These  sero-purulent 
effusions  not  unfrequently  undergo  changes,  and  yield  decomposition-products,  such  as  leucin, 
tyrosin,  xanthin,  kreatin,  kreatinin  (?),  uric  acid  (?),  urea.  Endothelium  from  the  serous 
cavity,  sugar  in  pleuritic  effusions  and  in  oedemas  with  little  albumin,  Cholesterin  frequently  in 
hydrocele  fluid,  and  succinic  acid  in  the  fluid  of  echinococci  have  all  been  found  in  these 
efl'usions.  The  effusion  of  lymph  may  arise  not  only  from  pressure  upon  the  lymphatics,  but 
also  from  inflammation  and  thrombosis  of  the  lymphatics  themselves,  in  which  cases  not  unfre- 
quently new  lymphatics  are  formed,  so  that  the  communication  is  re-established.  Sometimes 
the  ductus  thoracicus  bursts  and  lymph  is  poured  directly  into  the  abdomen  or  thorax,  [Liga- 
ture of  the  thoracic  duct  results  in  rupture  of  the  receptaculum  chyli  and  escape  of  chyle  and 
lymph  into  the  large  serous  cavities  {Ludwig).'] 
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When  dropsy  or  effusion  of  fluids  occurs  into  serous  cavities,  there  is  always  a  greater  transuda- 
tion of  fluid  through  the  blood-vessels.  The  abdominal  blood-vessels,  and  those  which  yield 
a  watery  effusion  under  normal  circumstances,  are  those  most  liable  to  be  affected. 

Transudation  is  favoured  by— (1)  Venous  congestion,  so  as  to  raise  the  blood-pressure,  in 
which  case  the  effusion  usually  contains  little  albumin  and  few  lymph-corpuscles,  while  the 
coloured  corpuscles,  on  the  contrary,  are  more  numerous  the  greater  the  venous  obstruction. 
Eanvier  produced  a?,deraa  artificially  by  ligaturing  the  vena  cava  in  a  dog,  and  at  the  same  time 
dividing  tlie  sciatic  nerve.  The  "paralytic  dilatation  of  the  blood-vessels  thereby  produced 
caused  an  increased  amount  of  blood  to  pass  to  the  limb,  while  the  blood-pressure  was  raised,  and 
both  factors  favoured  the  transudation  of  fluid,  [ßanvier's  experiment  proves  that  mere  liga- 
ture of  the  venous  trunk  of  a  limb  hy  itself  is  not  sufficient  to  cause  oedema.  The  cedema  is 
due  to  the  concomitant  paralysis  of  the  vaso-motor  nerves.  If  the  motor  roots  of  the  sciatic 
nerve  alone  be  divided  along  with  ligature  of  the  vena  cava,  no  oedema  occurs,  but  if  the  vaso- 
motor fibres  are  divided  at  the  same  time,  the  limb  rapidly  becomes  oedematous.  There  is  such 
an  increased  transudation  through  the  vascular  walls  that  the  veins  and  lymphatics  cannot 
remove  it  with  sufficient  rapidity,  and  oedema  occurs.  If  there  be  weakness  of  the  vaso-motor 
nerves,  slight  obstruction  is  sufficient  to  produce  oedema.]  When  the  leg-veins  are  occluded 
with  an  injection  of  gypsum,  oedema  occurs.  (2)  Some  unknown  physical  changes  occur  in  the 
protroplasm  of  the  endothelium  of  the  capillaries  and  blood-vessels,  which  favour  the  transuda- 
tion of  albumin,  hajmoglobin,  and  even  blood-corpuscles.  This  occurs  when  abnormal  substances 
accumulate-in  the  blood— c.^.,  dissolved  hfemoglobin— and  when  the  blood  contains  little  0  or 
albumin.  The  same  has  been  observed  after  exposure  to  too  high  temperatures,  and  the  swelling 
of  soft  parts  in  the  neighbourhood  of  an  inflammatory  focus  seems  due  to  the  transudation  of 
fluid  through  the  altered  vascular  wall.  It  is  probable  that  a  nervous  influence  may  aflect  par- 
ticular areas  through  its  action  on  the  blood-vessels  of  the  part  (it  may  be  upon  the  protoplasm 
of  the  blood-capillaries).  The  transudations  of  this  nature  usually  contain  much  albumin  and 
many  lymph-corpuscles.  (3)  When  the  blood  contains  a  very  large  amount  of  water,  the 
tendency  to  transudation  of  fluid  is  increased.  After  a  time  it  may  produce  the  changes  indi- 
cated in  (2),  and  when  long  continued  may  increase  the  permeability  of  the  vascular  wall. 
Watery  lymphatic  eff"usions  from  watery  blood— "  cachectic  oedema  "—occur  in  feeble  and 
badly-nourished  individuals.  [One  of  the  commonest  forms  of  dropsy  is  the  slight  oedema  of 
the  legs  in  antemic  persons,  in  whom  the  heart  and  lungs  are  healthy.  Many  factors  are  in- 
volved—the blood-pressure,  watery  condition  of  the  blood,  the  condition  of  nutrition  of  the 
capillaries,  and  probably  a  tendency  to  vaso-motor  paresis  {Brunton).] 

[The  fluid  poured  out  varies  according  to  the  rapidity  with  which  this  occurs.  In  acute 
inflammations  effusion  or  exudation  takes  place  rapidly,  and  the  fluid  contains  the  precursor  of 
fibrin,  so  that  it  tends  to  coagulate  spontaneously.  There  is  every  gradation  between  the  non- 
coagulable  hydrocele  fluid  and  the  coagulable  exudation  in  inflammation.  The  fluids  in  ditterent 
dropsies  vary  in  composition,  and  some  have  more  cells  in  them,  depending  on  local  causes,  as 
in  some  situations  absorption  is  more  active  than  in  others.  The  pleural  fluid  contains  most  solids, 
then  ascitic,  cerebro-spinal,  and,  lastly,  that  in  the  subcutaneous  tissue.  Transudation  cor- 
responds to  the  process  of  filtration  through  animal  membranes  ;  i.e.,  the  transudation  contains 
only  those  substances  already  present  in  the  blood-plasma.  The  filtrate  may  even  contain 
more  salts  than  the  original  fluid,  as  is  often  the  case  with  fluids  containing  crystalloid  and 
colloid  bodies.  Senator  finds,  in  cases  of  oedema  of  the  leg,  that  increase  of  the  venous  pressure 
increases  the  proteids  in  the  transudation,  but  causes  no  essential  change  in  the  amount  of  the 

^^^4)  Ostroumoff  found  that  stimulation  of  the  lingual  nerve  not  only  causes  the  blood-vessels 
of  the  tongue  to  dilate,  but  that  the  corresponding  side  of  the  tongue  becomes  oedematous.  If 
a  solution  of  dilute  hydrochloric  acid  or  quinine  (§  145)  be  injected  into  the  duct  of  the  sub- 
maxillary gland,  and  the  chorda  tympani  stimulated,  there  is  no  secretion  of  saliva,  but  the 
gland  becomes  oedematous.  In  an  animal  poisoned  with  atropin,  stimulation  of  the  chorda 
causes  dilatation  of  the  blood-vessels,  although  there  is  no  secretion  of  saliva,  nevertheless  the 
gland  does  not  become  edematous  {Heidenhain).  As  Brunton  suggests,  this  experiment  points 
to  some  action  of  atropin  on  the  blood-vessels  which  has  hitherto  been  entirely  overlooked.] 

204.  COMPARATIVE  PHYSIOLOGY.— In  the  frog  large  lymph-sacs,  lined  with  endothe- 
lium, exist  under  the  skin,  while  large  lymph-sacs  lie  in  relation  with  the  vertebral  column- 
one  on  each  side— separated  from  the  abdominal  cavity  by  a  thin  m'embrane,  perforated  with 
stomata.  This  is  the  cystoma  lymphatica  magna  of  "Panizza.  Some  amphibians  and  many 
reptiles  have  under  the  skin  large  lymph-spaces,  which  occupy  the  whole  of  the  dorsal  region 
of  the  body.  All  reptiles  and  the  tailed  amphibians  have  large  elongated  reservoirs  for  lymph 
along  the  course  of  the  aorta.  The  lymph-apparatus  of  the  tortoise  (fig.  270)  is  very  extensive. 
The  osseous  fishes  have  in  the  lateral  parts  of  their  backs  an  elongated  lymph-trunk,  which 
reaches  from  the  tail  to  the  anterior  fins,  and  is  connected  with  the  dilated  lymphatic  rootlets 
in  the  base  of  the  tail  and  in  the  fins.  The  largest  internal  lymph-sinus  is  in  the  region  of  the 
oesophagus.    Many  birds  possess  a  sinus-like  dilatation  or  lymph-space  in  the  region  of  the 
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tail.  The  lymph-spaces  communicate  with  the  venous  system — with  valves  properly  arranged 
— usually  in  connection  with  the  upper  vena  cava.  Lymph-hearts  have  already  been  referred 
to  (§  201,  6).  In  Carnivora  the  lymph-glands  of  the  mesentery  are  united  into  one  large  com- 
pact mass,  the  so-called  "pancreas  Asellii." 

205.  HISTORICAL. — Although  the  Hippocratic  School  was  acquainted  with  the  lymph- 
glands  from  their  becoming  swollen  from  time  to  time,  and  although  Herophilus  and 
Erasistratus  had  seen  the  mesenteric  glands,  yet  Aselli  (1662)  was  the  first  who  accurately 
described  the  lacteals  of  the  mesentery  with  their  valves.  Pecquet  (1648)  discovered  the 
receptaculum  chyli ;  Rudbeck  and  Thom.  Bartholinus  the  lymphatic  vessels  (1650-52)  ; 
Eustachius  (1563)  was  acquainted  with  the  thoracic  duct,  which  Gassendus  (1654)  maintained 
that  he  was  the  first  to  see  ;  Lister  noticed  that  the  chyle  became  blue  when  indigo  was  injected 
into  the  intestine  (1671)  ;  Sömmering  observed  the  separation  of  fibrin  when  lymph  coagulated  ; 
Reuss  and  Emmert  discovered  the  lymph-corpuscles.  The  chemical  investigations  date  from 
the  first  quarter  of  this  century  ;  they  were  carried  out  by  Lassaigne,  Tiedemann,  Gmelin,  and 
others.  The  two  last-named  observers  noticed  that  the  white  colour  of  chyle  was  due  to  the 
presence  of  fatty  granules. 


Physiology  of  Animal  Heat. 


206.  SOURCES  OF  HEAT.— The  heat  of  the  body  is  an  uninterrupted  evokition 
of  kinetic  energy,  which  we  must  represent  to  ourselves  as  due  to  vibrations  of 
the  corporeal  atoms.  The  ultimate  source  of  the  heat  is  contained  in  the 
potential  energy  taken  into  the  body  with  the  food,  and  with  the  0  of  the  air 
absorbed  during  respiration.  The  amount  of  heat  formed  depends  upon  the 
amount  of  energy  liberated. 

The  energy  of  the  food-stuffs  may  be  called  "latent  heat,"  if  we  assume  that 

when  they  are  used  up  in  the  body, 
chiefly  by  a  process  of  combustion, 
kinetic  energy  is  liberated  only  in 
the  form  of  heat.  As  a  matter  of 
fact,  however,  mechanical  energy 
and  electrical  energy  are  developed 
from  the  potential  energy.  In 
order  to  obtain  a  unit-measure  for 
the  energy  liberated,  it  is  advisable 
to  express  all  the  potential  energy 
as  heat-units. 

Calorimeter. — This  instrument 
enables  us  to  transform  the 
potential  energy  of  the  food  into 
heat,  and,  at  the  same  time,  to 
measure  the  number  of  heat-units 
produced. 

Favre  and  Silbermann  nsed  a  water- 
calorimeter  (fig.  280).  The  snbstance 
to  be  burned  is  jjlaced  in  a  large  cylin- 
drical combustion-chamber  (K),  sus- 
pended in  a  large  cylindrical  vessel 
(L)  filled  with  water  {to),  so  that  the 
combustion-chamber  is  completely  sur- 
rounded by  the  water.  Three  tubes 
open  into  the  upper  part  of  the  chamber; 
one  of  them  (0)  supplies  the  air  which 
is  necessary  for  combustion,  it  reaches 
almost  to  the  bottom  of  the  chamber  ; 
the  second  {a)  is  fixed  in  the  middle  of 
the  lid,  and  is  closed  above  with  a  thick 
glass  plate,  and  on  this  is  placed,  at  an 
angle,  a  small  mirror  (s),  which  enables 
an  observer  to  look  into  the  chamber,  and  observe  the  process  of  combustion  at  c.  The  third 
tube  {d)  is  used  only  when  combustible  gases  are  to  be  burned  in  the  chamber.  It  can  be 
closed  by  means  of  a  stop-cock.    A  lead  tube  {e,  e),  with  many  twists,  passes  from  the  upper 


Fig.  280. 

Water-calorimeter  of  Favre  and  Silbermann, 
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part  of  the  chamber  through  the  water,  and  finally  opens  at  g.  The  gaseous  products  of  com- 
bustion pass  out  through  this  tube,  and  in  doing  so  help  to  heat  the  water.  The  cylindrical 
vessel  with  the  water  is  closed  with  a  lid  which  transmits  the  four  tubes.  The  water-cylinder 
stands  on  four  feet  within  a  large  cylinder  (M),  which  is  filled  with  some  good  non-conductor 
of  heat,  and  this  again  is  placed  in  a  large  vessel  filled  with  water  (W).  This  is  to  prevent  any 
heat  reaching  the  inner  cvlinder  from  without.  A  weighed  quantity  of  the  substance  (c)  to  be 
investigated  is  placed  in  the  combustion-chamber.  When  combustion  is  ended,  during  which 
the  iniier  water  must  be  repeatedly  stirred,  the  temperature  of  the  water  is  ascertained  by  means 
of  a  delicate  thermometer.  If  the  increase  of  the  temperature  and  the  amount  of  water  are 
known,  then  it  is  easy  to  calculate  the  number  of  heat-units  produced  by  the  combustion  of  a 
known  weight  of  the  substance  (see  Introduction). 

The  ice-calorimeter  may  also  be  used.  The  inner  cylinder  is  filled  with  ice  and  not  with 
water,  and  ice  is  also  placed  in  the  outer  cylinder  to  prevent  any  heat  from  without  from  acting 
upon  the  inner  ice.  The  lieat  giveu 
off  from  the  combustion-chamber 
causes  a  certain  amount  of  the  ice  to 
melt,  and  the  water  thereby  produced 
is  collected  and  measured.  It  re- 
quires 79  heat-units  to  melt  1  grm.  of 
ice  to  1  grm.  of  water  at  0°  C. 

[The  amount  of  heat  produced  by  a 
living  animal  is  similarly  measured. 
The  animal  (fig.  281),  in  a  cage,  is 
placed  in  a  large  vessel,  which  is 
placed  within  another  vessel,  and  the 
interspace  filled  with  water.  The 
whole  should  be  enclosed  in  a  large  box 
packed  with  fur,  shavings,  feathers, 
or  other  bad  conductor  of  heat.  A 
tube,  D,  opens  into  the  inner  space, 
and  from  it  there  is  an  exit-tube,  D', 
which  winds  many  times  in  the  water- 
space  beneath.  Air  passes  in  through 
D  and  out  by  D'.  The  temperature 
of  the  water  is  ascertained  by  ther- 
mometers T  and  T',  while  the  water 

is  moved  by  a  stirrer  (S)  placed  between  the  two.  In  Rosenthal's  calorimeter,  one  cylinder,  sur- 
rounded by  an  air-jacket,  is  placed  inside  another,  and  the  animal  is  placed  in  the  inner  cylinder.] 

Just  as  in  a  calorimeter,  although  much  more  slowly,  the  food-stuffs  within  our 
body  are  burned  up,  oxygen  being  supplied,  and  thus  potential  energy  is  trans- 
formed into  kinetic  energy,  which,  in  the  case  of  a  person  at  rest,  almost  completely 
appears  in  the  form  of  heat. 

Heat-Units.— Favre,  Silbermann,  Frankland,  Rechenberg,  B, 
made  calorimetric  experiments  on  the  heat  produced  by  food, 
gram  of  the  following  dry  substances  yields  heat-units  : — 

Cow's  milk 


Fig.  281. 

Water-calorimeter  of  Duloii 


Danilewsky,  and  others  have 
According  to  Danilewsky,  1 


Casein, . 
Fibrin,  . 
Peptone, 
Glutin, 
Ox-blood, 
Ox-flesh, 
Vegetable 

fibrin, 
Glutin, . 
Legumin, 


5855 

Palmitin,  . 

8883 

5772 

Olein, 

8958 

487G 

Stearin, 

0036 

5493 

Ox-fat, 

9686 

5900 

Glycerin,  . 

4179. 

5724 

Starch, 

4479 

Dextrose,  . 

3939 

6231 

Maltose,  . 

4163 

6141 

Milk-sugai-, 

4162 

5573 

Cane-sugar, 

4173 

5733 


AVoman's 

milk. 
Egg-yelk,  . 
Potatoes,  . 
Rye-bread, 
Wheat-bread,  4351 
Rice, .  .  4806 
Peas,.  .  4889 
Buck-wheat, 


4837 
4479 
4234 
4471 


2537 


Maize,  .  .  5188 
Alcohol, 
Urea,  . 
Muscle  ^ 
Extractives  U400 
(Liebig's)  J 
Flesh  extract,  3216 
Acetic  acid,  .  3318 
Butyric  acid,  5647 
Palmitic  acid,  9316 


4288 

of  urea,  we  must  deduct  the  heat-units  obtainable 


As  albumin  is  only  oxidised  to  the     ^  , 
from  urea  from  those  of  albumin,  and  as  1  part  of  albumin  yields  in  round  numbers  about  g  of 
urea,  we  obtain  about  5100  calories  (  =  2170  kilogram-metres)  for  1  grm.  of  albumin, 

Isodynamic  foods,  i.e.,  those  that  produce  an  equal  amount  of  heat  ;  100  grms.  animal 
albumin  (after  deducting  the  heat-units  of  urea)  =  52  fat  =  114  starch  =  129  dextrose;  100 
grms.  fat  are  isodynamic  with  243  dry  flesh  or  225  of  dry  syntonin  (Hühner);  100  grms  of 
vegetable  albumin  =  55  fat--=121  starch  =  137  dextrose  {]:>anile2VsJcy).  Rubner  calculated  that 
in  man,  with  a  mixed  diet,  the  available  heat-units  for  1  grm.  of  albumin  =  4100  ;  1  grm. 
fat  =  9300  ;  and  for  1  grm.  carbohydrate  =  4100  calories. 
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When  we  know  the  weight  of  any  of  the  above-named  substances  consumed  by 
a  man  in  twenty-four  hours,  a  simple  calculation  enables  us  to  determine  how  many 
heat-imits  are  formed  in  the  body  by  oxidation,  i.e.,  provided  the  substance  is  com- 
pletely oxidised. 

[Several  sources  of  heat-production  or  thermogenesis  are  to  be  found  in  all 
tissues  wherever  oxidation  is  going  on.  The  metabolism  of  protoplasm  is  always 
associated  with  the  evolution  of  heat.] 

(1)  In  the  transformation  of  the  chemical  constituent  of  the  food,  endowed  with  a 
large  amount  of  potential  energy  into  such  substances  as  have  little  or  no  eriergy. 
The  organic  substances  used  as  food  consist  of  C,  H,  0,  N,  so  that  there  takes 
place — {a)  Combustion  of  C  into  CO2,  of  H  into  HgO,  whereby  heat  is  produced  ; 
1  grm.  C  burned  to  produce  COg  yields  8080  heat-units,  while  1  grm.  H  oxidised 
to  HgO  yields  34,460  heat-units.  The  0  necessary  for  these  purposes  is  absorbed 
during  respiration,  so  that,  to  a  certain  extent  at  least,  the  amount  of  heat  produced 
may  be  estimated  from  the  amount  of  0  consumed.  The  same  consumption  of  0 
gives  rise  to  the  same  amount  of  heat  whether  it  is  used  to  oxidise  H  or  C 
{Pflilger).  There  is  a  relation,  amounting  to  cause  and  effect,  between  the  amount 
of  heat  produced  in  the  body  and  the  0  consumed.  The  cold-blooded  animals, 
which  consume  little  0,  have  a  low  temperature;  amongst  warm-blooded  animals, 
1  kilo,  of  a  living  rabbit  takes  up  within  an  hour  0*914  grm.  0,  and  its  body  is 
heated  to  a  mean  of  38°  C.  1  kilo,  of  a  living  fowl  uses  1-186  grms.  0,  and  gives 
a  mean  temperature  of  43-9°  C.  The  amount  of  heat  produced  is  the  same  whether 
the  combustion  occurs  slowly  or  quickly ;  the  rapidity  of  the  metabolism,  therefore, 
affects  the  rapidity,  but  not  the  absolute  amount  of  heat-production.  The  com- 
bustion of  inorganic  substances  in  the  body,  e.g.,  of  the  sulphur  into  sulphuric  acid, 
the  phosphorus  into  phosphoric  acid,  is  another,  although  very  small,  source  of 
heat. 

[The  muscles  form  about  the  half  of  the  whole  mass  of  the  body  and  the  bones 
nearly  the  other  half.  In  the  latter,  oxidation  does  not  go  on  actively,  so  that  the 
muscles  must  be  the  great  seats  of  heat-production  or  thermogenesis  in  the  body. 
This  view  is  supported  by  the  fact  that  the  blood  leaving  a  muscle  at  rest  contains 
more  CO.,  than  the  blood  in  the  right  ventricle.  Muscular  exercise  greatly 
increases  the  metabolism  and  the  CO2  excreted  (§  126),  but  at  the  same  time,  there 
is  a  great  increase  in  heat-production.  The  muscles,  therefore,  are  the  great  ther- 
mogenic tissues,  and  they  yield  fths  of  the  heat  in  health.  The  several  secreting 
glands,  especially  the  liver  and  the  alimentary  canal,  during  digestion,  are  also  foci 
of  heat-formation.] 

(6)  In  addition  to  the  processes  of  combustion  or  oxidation,  all  those  chemical 
processes  in  our  body,  by  which  the  amount  of  the  available  potential  energy 
which  is  present  is  diminished,  in  consequence  of  a  greater  satisfaction  of  atomic 
affinities,  lead  to  the  production  of  heat.  In  all  cases  where  the  atoms  assume 
more  stable  positions  with  their  affinities  satisfied,  chemical  energy  passes  into 
kinetic  thermal  energy,  as  in  the  alcoholic  fermentation  of  grape-sugar,  and  other 
similar  processes. 

Heat  is  also  developed  during  the  following  chemical  processes  : — 

(a)  During  the  union  of  bases  with  acids.  The  nature  of  the  base  determines  the  amount  of 
heat  produced,  while  the  nature  of  the  acid  is  without  effect.  Only  in  those  cases  where  the 
acid,  e.g.,  CO.2,  is  unable  to  neutralise  the  alkaline  reaction,  the  amount  of  heat  produced  is  less. 
The  formation  of  compounds  of  chlorine  [e.g.,  in  the  stomach)  prodiices  heat. 

(j8)  When  a  neutral  salt  is  changed  into  a  basic  one.  In  the  blood  the  sulphuric  and 
phosphoric-acids  derived  from  the  combustion  of  S  and  P  are  united  with  the  alkalies  of  the 
blood  to  form  basic  salts.  The  decomposition  of  the  carbonates  of  the  blood  by  lactic  and 
phosphoric  acids  form  a  double  source  of  heat,  on  the  one  hand,  by  the  formation  of  a  new 
salt,  and,  on  the  other,  by  the  liberation  of  COg,  which  is  partly  absorbed  by  the  blood. 

(7)  The  combination  of  haemoglobin  with  0  (§  36). 
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During  those  chemical  processes,  whereby  the  heat  of  the  body  is  produced, 
heat-absorbing  intermediate  compounds  are  not  unfrequently  formed.  Thus,  m 
order  that  the  final  stage  of  more  complete  saturation  of  the  affinities  be  reached, 
intermediary  atomic  groups  are  formed,  whereby  heat  is  absorbed.  Heat  is  also 
absorbed  when  the  solid  aggregate  condition  is  changed  during  retrogressive 
processes.  But  these  intermediary  processes,  whereby  heat  is  lost,  are  very 
small  compared  with  the  amount  of  heat  liberated  when  the  end-products  are 

formed.  /  \  ti  + 

(2)  Certain  physical  processes  are  also  a  source  of  heat. — {a)  ihe  trans- 
formation of  the  kinetic  mechanical  energy  of  internal  organs,  when  the  work 
done  is  not  transferred  outside  the  body,  produces  heat.  Thus  the  whole  of  the 
kinetic  energy  of  the  heart  is  changed  into  heat,  owing  to  the  resistance  opposed 
to  the  blood-stream  (§  93).  The  same  is  true  of  the  mechanical  energy  evolved 
by  many  muscular  viscera.  The  torsion  of  the  costal  cartilages,  the  friction  of  the 
current  of  air  in  the  respiratory  organs,  and  the  ingesta  in  the  digestive  tract,  all 
yield  heat. 

An  excessively  minute  amount  of  the  mechanical  energy  of  the  heart  is  transferred  to 
surrounding  bodies  by  the  cardiac  impulse  and  the  superficial  pulse-beats,  but  this  is  inhni- 
tesimally  small.  During  respiration,  when  the  respiratory  gases  and  other  substances  are 
expired/a  very  small  amount  of  energy  disappears  externally,  which  does  not  become  changed 
into  heat.  If  we  assume  that  the  daily  work  of  the  circulation  exceeds  86,000  kilogram -metres, 
the  heat  evolved  is  equal  to  204,000  calories  in  twenty-four  hours  (§  93),  which  is  sufficient  to 
raise  the  temperature  of  a  person  of  medium  size  2°  C. 

(b)  When,  owing  to  muscular  activity,  the  body  produces  work  which  is  trans- 
ferred to  external  objects,  e.g.,  when  a  man  ascends  a  tower  or  mountain,  or  throws 
a  heavy  weight,  a  portion  of  the  kinetic  energy  passes  into  heat,  owing  to  friction 
of  the  muscles,  tendons,  and  the  articular  surfaces,  as  well  as  to  the  shock  and 
pressure  of  the  ends  of  the  bones  against  each  other. 

(c)  The  electrical  currents  which  occur  in  muscles,  nerves,  and  glands  very 
probably  are  changed  into  heat.  The  chemical  processes  which  produce  heat  evolve 
electricity,  which  is  also  changed  into  heat.  This  source  of  heat,  however,  is  verij 
small. 

{d)  Other  processes  are  the  formation  of  heat  from  the  absorption  of  CO..,  by  the  concentratioii 
of  tvater  as  it  passes  through  membranes,  in  imbibition,  and  the  formation  of  the  solids,  e.g.,  oi 
chalk  in  the  bones.  After  death,  and  in  some  pathological  processes  during  life,  the  coagula- 
tion of  blood  and  the  production  of  rigor  mortis  are  sources  of  heat. 

207.  HOMOIOTHERMAL  AND  POIKILOTHERMAL  ANIMALS.-  In  place 
of  the  old  classification  of  animals  into  "cold-blooded"  and  "warm-blooded," 

another  basis  of  classification  seems  desirable,  viz.,  the  relation  of  the  temperature 
of  the  body  to  the  temperature  of  the  surrounding  medium.  Bergmann  introduced 
the  word  homoiothermal  for  the  warm-blooded  animals  (mammals  and  birds), 
because  these  animals  can  maintain  a  very  uniform  temperature,  even  although  the 
surrounding  temperature  be  subject  to  considerable  variations.  The  so-called  cold- 
blooded animals  are  called  poikilothermal,  because  the  temperature  of  their 
bodies  rises  or  falls,  within  wide  limits,  with  the  heat  of  the  surrounding  medium. 

When  homoiothermal  animals  are  kept  for  a  long  time  in  a  cold  medium,  their 
heat-production  is  increased,  and  when  they  are  kept  for  a  long  time  in  a  warm 
medium  it  is  diminished. 

Fordyce  gave  a  proof  of  the  nearly  uniform  temperature  in  man.  A  man  remained  ten 
minutes  in  an  oven  containing  very  dry  hot  air  (§  218),  and  yet  the  temperature  ot  the  palm 
of  his  hand,  mouth,  and  urine  was  increased  only  a  few  tenths  of  a  degree.  Becquerei  and 
Brechet  investigated  the  temperature  of  the  human  biceps  (by  means  of  thermo-electric 
needles),  when  the  arm  has  been  one  hour  in  iced  water,  and  yet  the  temperature  of  the 
muscular  tissue  was  cooled  only  0-2°  C.  The  same  muscle  did  not  undergo  any  increase  in 
temperature,  or  at  most  0'2°C.,  when  the  man's  arm  was  placed  for  a  quarter  of  an  hour  m 
water  at  42°  C. 
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If  heat  be  rapidly  abstracted  (§  225)  or  rapidly  supplied  (§221)  to  the  body, 
so  as  to  produce  rapid  variation  of  the  temperature,  life  is  endangered. 

Poikilothermal  animals  behave  very  differently  ;  the  temperature  of  their 
bodies  generally  follows,  although  with  considerable  variations,  the  temperature  of 
the  surroundings.  When  the  temperature  of  the  surroundings  is  increased,  the 
amount  of  heat  produced  is  increased,  and  when  the  surrounding  temperature  falls, 
the  amount  of  heat  evolved  within  the  body  also  falls. 

The  following  table  shows  very  clearly  the  characters  of  poikilothermal  animals,  e.g.,  frogs 
which  were  placed  in  air  and  water  of  varying  temperatures.  They  were  immersed  np  to  the 
mouth.  The  temperature  was  measured  by  means  of  a  thermometer  introduced  through  the 
mouth  into  the  stomach. 


1 

In  Water. 

i 

In  Air. 

Temperature  of  the 

Temperature  of  Frog's 

Temperature  of  the 

temperature  of  Frog's 

Water. 

Stomach. 

Air. 

Stomach. 

41  -OT. 

38-0°  C. 

40-4°  C. 

31-7°  C. 

30-0 

29-6 

27-4 

19-7 

20-6 

207 

16-4 

14-6 

5-9 

8-0 

6-2 

7-6 

2-8 

5-3 

5-9 

8-6 

[Temperature  of  Different  Animals. 


Birds. 

Temp. 

Temp. 

Swallow, 

44-03 

Thalassidroma, 

.  40-30 

Gull,  . 

37-8 

Procellaria, 

.  40-80 

Mammals. 

Goose, 

.  41-70 

Tiger,  . 

37-20 

Sparrow,  . 

f  39-08 

Horse,  . 

'.  36-80- 

-37-50 

•142-10 

Rat, 

38-80 

Pigeon,     .  .41 

•80-42-50 

Hare,  . 

37-80 

Turkey,  . 

.  42-70 

Cat, 

.  38-30 

-38-90 

Guinea-fowl, 

.  43-90 

Guinea-pig, 

38-80 

Duck, 

r  43-90 
•  \  42-50 

Dog,  . 

37-40 
39-00 

Crow, 

.  41-17 

39-60 

Panther,  . 
Mouse, 
Dolphin,  . 

Sheep, 

Ape, 

Guinea-pig, 
Rabbit,  . 
Ox, . 

Ass, 


Temp. 
.  38-90 
.  41-1 

35  -5 
37-30-40-00 

39-  50-40-00 

40-  00-40-50 
.    35 '50 

35-76-38-00 
37-50-38-00 
.  37-50 
.  36-95 


{Gavarret  (L  Rosenthal).'] 

Reptiles — Snakes,  10°-12°,  but  higher  when  incubating.  Amphibians  and  fishes — 0-5°-3° 
above  the  temperature  of  the  surroundings.  Arthropoda — 0-l°-5-8°  above  the  surroundings. 
Bees  in  a  hive,  30°-32°,  and  when  swarming,  40°.  The  following  animals  have  a  temperature 
higher  than  the  surrounding  temperature  :— Ceplialopods,  0-57°  ;  molluscs,  0-46°;  echinoderms, 
0-40°  ;  medusaj,  0-27° ;  polyps,  0-21°  C. 


208.  ESTIMA.TION  OF  TEMPERATURE.— By  using  thermometric  apparatus,  we  are 
enabled  to  obtain  information  regarding  the  degree  of  heat  of  the  body  to  be  investigated.  For 
this  purpose  the  following  methods  are  employed  :  — 

A.  The  Thermometer. — Celsius  (1701-1744)  divided  his  thermometer  into  100  parts,  and 
each  part  was  again  divided  into  10  parts,  so  that  yV°  C-  could  be  easily  read  off.  All  thermo- 
meters which  have  been  used  for  a  long  time  give  too  high  readings,  hence  they  should  be  com- 
pared, from  time  to  time,  with  a  normal  thermometer.  When  taking  the  temperature,  the 
bulb  ought  to  be  surrounded  for  fifteen  minutes,  and  during  the  last  five  minutes  the  mercury 
column  ought  not  to  vary.  A  very  sensitive  thermometer  will  indicate  the  temperature  after 
seven  seconds  if  the  urine  stream  be  directed  upon  its  bulb.  Minimal  and  maximal  thermo- 
meters are  often  of  use  to  the  physician. 

[Clinically,  one  of  the  thermometers  shown  in  fig.  282  may  be  used.  They  are  self-registering 
maximum  thermometers,  i.e.,  a  portion  of  the  mercury  is  separated  from  the  mercurial  column, 
to  form  the  index,  the  top  of  which  indicates  the  temperature.  Before  being  used,  the  index 
must  be  well  below  the  normal  temperature.  Various  forms  of  surface  thermometers  have  been 
used.  ] 

Walferdiu's  metastatic  thermometer  (fig.  283)  is  specially  useful  for  comparative  observation. 
The  tube  is  very  narrow  in  comparison  with  the  bulb,  and  in  order  that  the  stem  be  not  too 
long,  it  is  constructed  so  that  the  amount  of  mercury  can  be  varied.    A  quantity  of  mercury  is 
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taken 


so  that  with  the  temperature  expected  the  thread  of  mercury  will  stand  about  the  middle 


,nnl,|u|u 

^5 

^  1£ 

0  1 

is  no 

the  stem 


A,  Casella's    infallible,"  B, 


Fig.  282. 

''Ferris'  perfect,"  and  C,  Evans'  and  Wormull's  "  standard' 
clinical  thermometers. 


cess  of 
is  first 


Hg.  Suppose  a  temperature  between  37°-40°  C.  is  to  be  measured,  the  bulb 
heated  a  little  over  40°  C,  it  is  then  suddenFy  cooled,  and  shaken  at  the  same 

time,  so  that  the  thread 
of  mercury  is  thereby 
suddenly  broken  above 
40°.  The  tube  is  so 
narrow  that  1°  C.  is  equal 
to  about  10  centimetres 
of  the  length  of  the  tube, 
so  that  C.  is  still 

1  millimetre  in  length. 
The  scale  is  divided  em- 
pirically, but  the  value 
of  the  divisions  must  be 
compared  with  a  normal 
thermometer. 

Kronecker  and  Meyer 
used  very  small  maximal 
'  'outflow  thermometers,' ' 
and  caused  them  to  pass 
through  the  intestinal 
canal,  or  through  large 
blood-vessels.  The  mer- 
cury flows  out  of  the  short 
open  tube,  and  of  course 
more  flows  out  the  higher 
the  temperature.  After 
these  small  bulbs  have 
passed  through  the 
animal,  a  comparison  is 
instituted  with  a  normal 
thermometer,  to  deter- 
mine at  what  temperature 
the  mercury  reaches  the 
free  margin  of  the  tube. 

B.  Thermo  -  electric 
Method. —  This  method 
enables  us  to  determine 
the  temperature  accur- 
ately and  rapidly  (fig. 
284,  I).  The  thermo- 
electric galvanometer  of 
Meissner  and  Meyerstein 
consists  of  a  circular 
magnet  (m),  suspended 
by  a  thread  of  silk  (c),  to 
which  a  small  mirror  (S) 
is  attached.  A  large 
stationary  bar  magnet 
(M)  is  placed  near  the 
magnet  (m),  so  that  the  north  poles  {n  and  N)  of  both  magnets  point  in  the  same  direction,  and 


Fig.  283-. 
Walferdin's 
metastatic 
thermo- 
meter. 


A 

Fig.  284. 

Scheme  of  thermo-electric  arrangements  for 
estimating  the  temperature. 
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it  is  so  arranged  that  tlie  suspended  magnet  is  caused  to  point  to  the  north  by  a  minimal  action 
of  M.  A  thick  copper  wire  {b,  b)  is  coiled  several  times  round  m  (although  in  the  fig.  it  is  repre- 
sented as  a  single  coil),  and  the  ends  of  the  wire  are  soldered  to  two  thermo-elements,  each  com- 
posed of  two  different  metals — iron  and  German  silver,  the  two  similar  free  elements  being  united 
by  a  wire  so  that  the  two  thermo-elements  form  part  of  a  closed  circuit.  A  horizontal  scale 
(K,  K)  is  placed  at  a  distance  of  3  metres  from  the  mirror,  so  that  the  divisions  of  the  scale  are 
seen  in  the  mirror.  The  scale  itself  rests  upon  a  telescope  (F)  directed  towards  the  mirror. 
The  observer  (B),  who  looks  through  the  telescope,  can  see  the  divisions  of  the  scale  in  the 
mirror.  When  the  magnet,  and  with  it  the  mirror,  swing  out  of  the  magnetic  meridian,  the 
observer  notices  other  divisions  of  the  scale  in  the  mirror.  When  one  of  the  thermo-elements 
is  heated,  an  electrical  current  is  produced,  which  passes  from  the  iron  to  the  German  silver  in 
the  heated  couple,  and  causes  a  deviation  of  the  suspended  magnet.  Suppose  a  person  were 
swimming  in  the  direction  of  the  current  in  the  conducting  wire,  then  the  north  pole  of  the 
magnet  moves  to  the  north  {Ampere).  The  tangent  of  the  angle  <p,  through  which  the  freely 
movable  magnet  is  diverted  by  a  galvanic  current,  from  its  position  of  rest  or  zero,  in  the 
magnetic  meridian,  is  the  same  as  the  galvanic  stream  ;  G  is  proportional  to  the  magnetic 

energy  D,  i.e.,  tang.  0  =  ^-  If  G  is  to  remain  the  same,  and  the  tang.  0  to  be  as  large  as  pos- 
sible, the  magnetic  energy  must  be  diminished  as  much  as  possible.  If  the  magnetism  of  the 
suspended  magnet  be  indicated  by  m,  and  that  of  the  earth  by  T,  the  magnetic  directing  energy 
D  =  T!m,  so  that  D  can  be  distinguished  in  two  ways  :  (1)  by  diminishing  the  magnetic  moment 
of  the  suspended  magnet,  as  may  be  done  by  using  a  pair  of  astatic  needles,  such  as  are  used  in 
Nobili's  galvanometer  ;  (2)  and  also  by  weakening  the  magnetism  of  the  earth,  by  placing  an 
accessory  stationary  magnet  (Hauy's  rod)  in  the  same  direction,  and  near  the  suspended  magnet. 
An  important  arrangement  for  rapidly  getting  the  magnet  to  zero  is  the  dead-beat  a,rrangenient 
of  Gauss  (not  figured  in  the  scheme).  It  consists  of  a  thick  copper  cylinder,  on  which  the  wire 
of  the  coil  is  wound.  This  mass  of  copper  may  be  regarded  as  a  closed  multiplicator  with  a 
very  large  transverse  section.  The  vibrating  magnet  induces  in  this  closed  circuit  a  curreiit 
of  electricity,  whose  intensity  is  greatest  when  the  velocity  of  the  excursion  of  the  magnet  is 
greatest,  and  which  takes  the  opposite  direction  as  soon  as  the  magnet  returns  towards  zero. 
These  induced  currents  cause  a  diminution  of  the  vibrations  of  the  magnet  in  this  way,  that  the 
arc  of  vibration  of  the  magnet  diminishes  very  rajiidly,  almost  in  a  geometrical  progression. 
The  induced  damping-current  is  stronger,  the  less  the  resistance  in  the  closed  circuit,  and  in 
the  damper  or  dead-beat  arrangement  itself,  the  greater  the  section  of  the  copper  ring.  This 
damping  arrangement  limits  the  oscillations  of  the  magnet,  and  it  comes  to  rest  rapidly  and 
promptly  after  3  or  4  small  vibrations,  so  that  much  time  is  saved.  The  angle  of  deviation  is 
so  small  tliat  the  angle  itself  may  be  taken  instead  of  the  tangent. 

The  thermo-electric  needles  of  Dutrochet  (fig.  284,  II)  may  be  placed  in  the  circuit.  They 
consist  of  iron  and  German  silver  soldered  at  their  points  ;  or  the  needles  of  Becquerel  (III) 
may  be  used.  They  consist  of  the  same  metals  soldered  in  a  straight  line,  one  behind  the  other. 
The  needles  must  always  be  covered  by  a  varnish,  which  will  prevent  the  parenchymatous  juices 
from  acting  upon  them,  and  so  causing  a  current.  Before  the  experiment  we  must  determine 
what  extent  of  excursion  on  the  scale  is  obtained  with  a  certain  temperature.  In  order  to 
determine  this,  a  delicate  thermometer  is  fixed  to  each  of  the  thermo-couples,  and  both  are 
placed  in  oil  baths,  which  differ  in  temperature— say  by  1°  C. —as  can  be  determined  by  the 
thermometer.  When  the  current  is  closed,  the  excursion  on  the  scale  will  indicate  1°  C.  Sup- 
pose that  the  excursion  was  150  mm.,  then  each  mm.  of  the  scale  would  be  equal  to  C. 
When  this  is  determined,  the  two  thermo-needles  may  be  placed  in  the_  different  tissues  or 
organs  of  animals,  and,  of  course,  we  obtain  the  difference  of  temperature  in  these  places.  Or 
one  thermo-couple  may  be  placed  in  a  bath  of  constant  temperature  (nearly  that  of  the  body), 
in  which  is  placed  a  delicate  thermometer,  while  the  other  needle  is  introduced  into  the  organ 
to  be  investigated.  In  this  case  we  obtain  the  difference  of  temperature  between  the  tissue  and 
the  source  of  the  constant  heat.  The  electric  current  passes  in  the  warmer  needle  from  the  iron 
to  the  German  silver,  and  thus  through  the  wires  of  the  apparatus.  For  small  differences  of 
temperature,  such  as  occur  in  the  body,  the  thermo-electric  energy  is  always  proportional  to  the 
difference  of  temperature  of  the  two  needles  or  couples.  In  place  of  a  single  pair  pf  needles 
several  may  be  used,  whereby  the  sensitiveness  of  the  apparatus  is  greatly  increased. 
Helmholtz  found  that  by  using  sixteen  antimony-bismuth  couples,  he  could  detect  an  increase 
of  4T)Vt)°  C-  Schiffer  prepared  a  simple  thermopile  (IV)  by  soldering  together  alternately  four 
pairs  of  wires  of  iron  (/)  and  German  silver  {a).  These  are  placed  in  the  two  organs  (A  and  B) 
which  are  to  be  investigated,  whereby  a  very  high  degree  of  exactness  is  obtained. 

209.  TEMPERATURE  TOPOGRAPHY.— Although  the  blood,  in  virtue  of  its 
continual  motion  (completing,  as  it  does,  the  circulation  in  twenty-three  seconds), 
must  exercise  a  very  considerable  influence  on  the  equilibration  of  the  temperature 
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in  different  organs,  nevertheless,  a  completely  uniform  temperature  does  not  exist, 
and  the  temperature  varies  in  different  parts  : — 
1.  Skin  {J.  Davy). 


Middle  of  Tipper  arm,      .       .  35'40°  C. 

Inguinal  fold,         .       .       .  35-80 

Near  cardiac  impulse,      .       .  34 '40 

Face,   31-00 

Nose  and  tip  of  ear,        .       .  22-24 


Middle  of  the  sole  of  the  foot,    32-26°  C. 
Near  tendo  Achillis,     .       .  33-85 
Anterior  surface  of  leg,        .    33  "05 
Middle  of  calf,     .       .       .  33-85 
Bend  of  knee,      .       .       .  35-00 
In  the  closed  axilla,  36-49  (mean,  of  505  individuals)  ;— 36-5  to  37-25  (  Wunderlich) ;— 36-89°  C. 
{Liehervieister).    The  skin  over  muscles  is  warmer  than  that  over  bone  {Ktmkel). 
The  temperature  of  the  skin  of  the  head  is  higher  in  the  forehead  and  parietal  region  than  in 
the  occipital  region  ;  the  skin  on  the  left  side  of  the  head  is  warmer  than  on  the  right. 
Dyspnoea  increases  the  temperature  of  the  skin. 

Method. — Liebermeister  determines  the  temperature  of  free  cutaneous  surfaces  thus  : — The 
bulb  of  the  thermometer  is  heated  slightly  above  the  temperature  expected  ;  after  the  mercury 
begins  to  fall,  the  bulb  is  placed  on  the  skin,  and  if  the  bulb  has  the  same  temperature  as  the 
skin,  the  mercury  remains  stationary.    This  experiment  must  be  repeated  several  times. 

2.  Cavities. 

Mouth  under  the  tongue,     .    37-19°  C.  I   Vagina,   38-30°  C. 

Rectum,      .       .       .       .38-01       |   Urine,  37-03 

Uterine  cavity  somewhat  warmer  ;  cervical  canal  of  the  uterus  somewhat  cooler. 
The  temperature  falls  in  the  stomach  during  digestion  (§  166,  1).    Cold  injec- 
tions (11°  C.)  into  the  rectum  rapidly  lower  the  temperature  in  the  stomach  1°C. 
(  Winternitz). 

3.  The  temperature  of  the  blood  is,  as  a  mean,  39°  C.  The  venous  blood  in 
internal  viscera  is  warmer  than  the  arterial,  but  it  is  cooler  in  peripheral  parts  : — 

Blood  of  the  right  heart,  .  .  .  38-8°  Blood  of  the  superior  vena  cava,  .  36-78° 

,,         left  heart,    .  .  .  38-6  ,,          inferior  vena  cava,    .  38-11 

,,         aorta,          .  .  .  38-7  crural  vein,      .       .  37-20 

hepatic  vein,  .  .  39-7  {Gl.  Bernard  and  v.  Liebig.) 

The  lower  temperature  of  the  blood  in  the  left  heart  may  be  explained  by  the  blood  becoming 
cooled  in  its  passage  through  the  lungs  during  respiration.  According  to  Heidenhain  and 
Körner,  the  right  heart  is  slightly  warmer  because  it  lies  in  relation  with  the  warn>  liver,  whilst 
the  left  heart  is  surrounded  by  the  lung,  which  contains  air.  This  observation  is  disputed  by 
others,  who  say  that  the  left  heart  is  slightly  warmer  because  the  combustion-processes  are 
more  active  in  arterial  blood,  and  heat  is  evolved  during  the  formation  of  oxy haemoglobin.  The 
blood  in  the  veins  is  usually  cooler  than  in  the  corresponding  arteries,  owing  to  the  superficial 
position  of  the  former,  whereby  they  give  off  heat  during  their  long  course  ;  thus  the  blood  of 
thejugtUar  vein  is  J  to  2°  C.  lower  than  the  blood  in  the  carotid;  the  crural  vein  |  to  1°  cooler  than 
in  the  crural  artery.  Superficial  veins,  more  especially  those  of  the  skin,  give  off  much  heat, 
and  their  blood  is,  therefore,  somewhat  cooler.  The  warmest  blood  is  that  of  the  hepatic  vein 
39-7°  C,  partly  owing  to  the  great  chemical  changes  which  occur  within  the  liver,  from  its 
secretory  activity  (§  210,  a),  and  partly  to  its  protected  situation. 

4.  The  individual  tissues  are  warmer  :  (1)  the  greater  the  transformation  of 
kinetic  energy  into  heat,  i.e.,  the  greater  the  tissue-metabolism ;  (2)  the  more  blood 
they  contain;  (3)  and  the  more  protected  their  situation.  According  to  Heidenhain 
and  Körner,  the  cerebrum  is  the  warmest  organ  of  the  body. 


Subcutaneous  tissue  (sheep),  37  '35°  C. 

Brain,        .       ,       .       .  40-25 

Liver,        .       .       .       .  41*25 

Lungs,       .       ,       .       .  41-40 


Rectum,    ....       40-67°  C. 
Right  heart,      .       .       .  41-60 
Left  heart,         .       .       .  40-90 

[Berg  er. ) 

Becquerel  and  Brechet  found  the  temperature  of  the  human  subcutaneous  tissue  to  be  2-1°  C. 
lower  than  that  of  the  neighbouring  muscles.  The  horny  tissues  do  not  produce  heat,  and 
their  low  temperature  is  due  to  the  conduction  of  heat  from  the  parts  on  which  they  grow.  The 
temperature  of  the  cornea  partly  depends  on  that  of  the  iris,  and  the  more  contracted  the  pupil 
is,  the  more  heat  it  receives  from  the  blood-vessels  of  the  iris. 

210.  CONDITIONS  AFFECTING  THE  TEMPERATURE  OF  ORGANS.— 

The  temperature  of  the  individual  organs  is  by  no  means  constant ;  it  is  influenced 
by  many  conditions  ;  amongst  these  are  the  following  : — 
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(1)  The  more  heat  produced  independently  within  a  part,  the  higher  is  its  tempera- 
ture. As  the  anioimt  of  heat  produced  within  a  part  depends  upon  its  metabolism, 
therefore  when  the  metaboHsm  is  increased,  the  amount  of  heat  produced  is 
similiarlv  increased. 

(a)  Griands  produce  more  heat  during  the  act  of  secretion,  as  is  proved  by  the 
higher  temperature  of  their  secretion,  or  by  the  higher  temperature  of  the  venous 
blood  flowing  out  of  their  veins. 

Ludwig  found  that  when  he  stimulated  the  chorda  tympani,  the  saliva  of  the  submaxillary 
gland  was  1-5°  C.  warmer  than  the  blood  in  the  carotid,  which  supplied  the  gh^nd  with  blood 
(p.  249).  The  blood  in  the  renal  vein  in  a  kidney  which  is  secreting  is  warmer  than  the  blood 
in  the  renal  artery.  The  secreting  liver  produces  much  heat  (§  178).  CI.  Bernard  investigated 
the  temperature  of  the  blood  of  the  portal  and  hepatic  veins  during  hunger,  at  the  beginning 
of  digestion,  and  when  digestion  was  most  active,  and  he  found  :— 

Temperature  of  portal  vein,       .       37-8°  C.    )        After  4  days      \      Blood  of  right  heart, 
hepatic  vein,     .       38-4         i         starvation.       j  38-8° 

(Hunger  period.) 


37-8°  C. 

After  4  days 

38-4 

starvation. 

39-9 

Beginning  of 

39-5 

digestion. 

39-7  1 

Digestion  most 

41-3  J 

active. 

Temperature  of  portal  vein, 
hepatic  vein, 

temperature  of  portal  vein,       .       39-7        \       Digestion  most   /      Blood  of  right  heart, 
hepatic  vein,      .       41-3        j  active.  "\  during  digestion,  39 '2  . 

In  the  dog  a  moderate  diet,  chemical  or  mechanical  stimulation  of  the  gastric  mucous  mem- 
brane, or  even  the  sight  of  food,  raises  the  temperature  in  the  stomach  and  intestine. 

{!))  When  the  muscles  contract,  they  evolve  heat.  Davy  found  that  an  active 
muscle  became  0-7°  C.  warmer ;  while  Becquerel,  by  means  of  a  thermo-galvano- 
meter,  found  that  human  muscles,  when  kept  contracted  for  five  minutes,  became 
r  C.  warmer  (§  302). 

This  is  one  of  the  reasons  why  the  temperature  may  rise  above  40°  during  rapid  running 
A  temperature  obtained  by  energetic  muscular  action  usually  does  not  fall  to  the  normal  until 
after  resting  for  1^  hour.  The  low  temperature  of  paralysed  limbs  depends  partly  upon  the 
absence  of  the  muscular  contractions. 

(c)  With  regard  to  the  effect  of  sensory  nerves  upon  the  temperature,  some  of 
the  chief  points  to  ascertain  are— whether  the  circidation  is  accelerated  or  retarded 
by  their  stimulation,  or  whether  the  respiration  is  increased  or  diminished  (§214, 
II.,  3),  and  whether  the  muscles  of  the  skeleton  are  relaxed  or  contracted  reflexly 
(§214,  I.,  3).  In  the  former  case  the  temperature  of  the  interior  of  the  body 
and  rectum  is  increased ;  in  the  latter  diminished. 

{d)  The  temperature  of  the  body  rises  during  mental  exertion.  Davy  observed 
an  increase  of  0*3°  C.  after  vigorous  mental  exertion. 

(e)  The  parenchymatous  fluids,  serous  fluids,  and  lymph  produce  Httle  heat, 
owing  to  their  feeble  metabolism,  hence  they  have  the  same  temperature  as  their 
surroundings ;  the  epidermal  and  horny  tissues  do  not  produce  heat,  they  merely 
conduct  it  from  subjacent  structures. 

(2)  The  temperature  depends,  to  a  large  extent,  upon  the  amount  of  blood  m  an 
organ,  and  also  upon  the  rapiditij  with  which  the  Uood  is  renewed  by  the  circula- 
tion. This  is  best  observed  in  the  difi'erence  of  the  temperature  between  a  cold, 
pale,  bloodless  hand,  and  a  warm,  red  congested  one. 

Becquerel  and  Brechet  found  that  the  temperature  of  the  human  biceps  fell  several  tenths  of 
a  degree  when  the  axillary  artery  was  compressed.  Ligature  of  the  crural  artery  and  vein  m 
a  dog  causes  a  fall  of  several  degrees.  If  the  extremities  be  kept  suspended  in  the  air,  they 
become  bloodless  and  cold.  a  •  .       i      i.  <• 

Liebermeister  has  pointed  out  a  diflference  with  regard  to  the  external  and  internal  parts  ot 
the  body.  The  external  parts  give  off  more  heat  than  they  produce,  so  that  they  become  cooler 
the  more  slowly  new  blood  flows  into  them,  and  warmer  the -greater  the  rapidity  of  the  blood- 
stream through  them.  Acceleration  of  the  blood-stream,  therefore,  causes  the  temperature  ot 
peripheral  parts  to  approximate  more  airü  more  to  the  temperature  of  internal  organs,  while 
retardation  of  the  blood-stream  causes  them  to  approach  the  temperature  of  the  surrounding 
medium.  Exactly  the  reverse  is  the  case  with  internal  parts,  where  a  large  amount  ot  heat  is 
produced,  and  heat  is  given  up  almost  alone  to  the  blood  which  flows  through  them.  Their 
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temperahire  must  fall  when  the  blood-stream  through  them  is  accelerated,  and  it  is  raised  when 
the  blood-stream  is  retarded.  Hence  it  follows  that  the  greater  the  difference  of  the  temperature 
hetiveen  peripheral  and  internal  parts,  the  slower  imcst  be  the  velocity  of  the  circulation. 

(3)  If  the  position  or  other  condition  of  an  organ  be  such  as  to  cause  it  to 
give  off  heat  by  conduction  or  radiation,  then  its  temperature  falls. 

A  good  example  of  this  is  the  skin,  which  varies  greatly  in  temperature  according  to  the 
temperature  of  the  surrounding  medium,  whether  it  is  covered  or  uncovered,  whether  it  is  dry 
or  moist  with  sweat  (which  abstracts  heat  when  it  evaporates).  When  much  cold  food  or  drink 
is  taken,  the  stomach  is  cooled,  and  when  ice-cold  air  is  breathed,  the  respiratory  passages  as 
.far  as  the  bronchi  are  cooled. 

211.  ESTIMATION  OF  HEAT. — Calorimetry  is  the  method  of  determining 
the  amount  of  heat  possessed  by  any  body,  or  what  amount  of  heat  it  is  capable  of 
producing.  The  unit  of  measurement  is  the  "heat-unit,"  or  "calorie,"  i.e.,  the 
amount  of  heat  (or  potential  energy)  required  to  raise  the  temperature  of  1  gram  of 
water  1°  C.  (see  Introduction).    This  is  sometimes  called  the  small  caloric. 

Experiment  has  shown  that  equal  quaiitities  of  different  substances  require  very  unequal 
amounts  of  heat  to  raise  them  to  the  same  temperature,  e.g.,  1  kilo,  water  requires  nine  times  as 
much  heat  as  1  kilo,  iron  to  raise  it  to  the  same  temperature.  In  the  human  body,  therefore, 
which  is  composed  of  very  different  substances,  unequal  amounts  of  heat  will  be  required  to 
raise  them  all  to  the  same  temperature.  The  same  amount  of  heat  transferred  to  two  different 
substances  will  raise  them  to  different  temperatures.  Hence,  bodies  of  different  temperatures 
may  contain  equal  amounts  of  heat.  The  amount  of  heat  required  to  raise  a  definite  quantity 
{e.g.,  1  grm.)  of  a  substance  to  a  certain  higher  degree  {e.g.,  V  C.)  is  called  "specific  heat." 
The  specific  heat  of  water  (which  of  all  bodies  has  the  highest  specific  heat)  is  taken  as  =  l. 
By  "heat-capacity"  is  meant  that  property  of  bodies  in  virtue  of  which  they  must  absorb  a 
given  amount  of  heat  in  order  to  have  a  certain  temperature. 

Calorimetry  is  employed  : — I.  To  determine  the  specific  heat  of  the  different  organs 
of  the  hodij. — Only  a  few  observations  have  been  made.  The  mean  specific  heat 
of  the  following  animal  parts  (water  =  1)  is:  — 

Human  muscle 


Human  blood 


1-02  (?) 


Arterial  blood 
Venous  blood 
Cow's  milk 


1-031  (?) 
0-892  (?) 
0-992 


Ox  muscle  = 
Compact  bone  = 
Spongy  bone  = 

The  specific  heat  of  the  human  body,  as  a  whole,  is  about  that  of  an  equal  volume 
of  water. 


0-741 
0-787 
0-3 
0-71 


Fat  tissue  =  0-712 

Striped  muscle       =  0-825 
Defibrinated  blood  =  0-927 
(/.  Rosenthal.) 


Kopp's  Method. — The  solid  to  be  in- 
vestigated is  broken  in  pieces  about  the 
size  of  a  pea,  and  placed  in  a  test-tube  A, 
with  thin  walls,  which  is  closed  above 
with  a  cork,  from  which  a  copper  wire 
with  a  hook  on  it  projects  (fig.  285). 
The  test-tube  contains  a  certain  quantity 
of  fluid  which  does  not  dissolve  the  sub- 
stance, but  which  lies  between  its  pieces 
and  covers  it.  It  is  weighed  three  times 
to  ascertain  the  weight  (1)  of  the  empty 
glass,  (2)  after  it  is  filled  with  the  solid 
substance,  (3)  after  the  fluid  is  added,  so 
that  we  obtain  the  weight  of  the  solid 
substance,  m,  and  that  of  the  fluid,  /. 
The  test-tube  and  its  contents  are  placed 
in  a  mercury  bath,  BB,  and  this  again  in 
an  oil  bath,  CC,  and  the  whole  is  raised 
to  a  high  temperature.  Into  BB  there  is 
introduced  a  fine  thermometer,  T.  When 
the  tube,  A,  has  reached  the  necessary 
temperature  (say  40°)  it  is  rapidly  placed 
in  the  water  of  the  accompanying  calorimeter-box,  DD.  The  water  in  this  box,  which  also 
contains  a  thermometer,  D,  is  kept  in  motion  until  it  has  completely  absorbed  all  the  heat 
given  off  by  A.    Let  T  represent  the  temperature  to  which  A  and  its  contents  were  raised  in 


Kopp' 


Fig.  285. 

apparatus  for  estimating 


specific  heat. 


26 


402 


OALORIMETRY. 


[Sec.  211. 


the  mercury  bath,  and  T  the  temperature  to  which  it  fell  in  the  calorimeter  ;  let  s  be  the 
specific  heat  and  m  the  weight  of  the  solid  substance  in  the  test-tube,  while  a  and  f.i  represent 
the  specific  heat  and  the  weight  of  tlie  interstitial  fluid  in  the  test-tube  ;  and  lastly,  let  w  equal 
the  amount  of  Avater  in  contact  with  A,  which  absorbs  and  gives  ofi'  heat ;  then  W  represents 
the  amount  of  heat  which  the  test-tube  and  its  contents  give  off  during  cooling. 

W=-{s .  m  +  to  +  (T  fi)  (T  -  Ti) . 
The  amount  of  heat,  Wi,  absorbed  by  the  calorimeter  is 

Wi  =  M(^i-0, 

where  M  represents  the  amount  of  water  in  the  calorimeter,  t  the  original  temperature  pf  the 
water  in  the  calorimeter,  and  the  temperature  to  which  it  is  raised  by  placing  A  m  it.  If 
W  and  Wn  are  equal,  then 

the  specific  neat,  s  =  ^^(T  -  T^) '  ' 

If  a  fluid  substance  is  placed  in  the  test-tube,  and  its  weight  =  on,  and  its  specific  heat  =  s, 
the  formula  for  the  specific  heat  of  the  fluid  to  be  investigated  is 

_M{t^-t)-w{T:-T^) 
^  -        m  (T  -  1\)  ■ 
II,  Calorimetry  is  more  important  for  determining  the  amount  of  heat 
produced  in  a  given  time  by  the  body  as  a  whole,  or  by  its  individual  parts. 

Lavoisier  and  Laplace  made  the  first  calorimetric  observations  on  animals  in  1783,  by  means 
of  an  ice-calorimeter  ;  a  guinea-pig  melted  13  oz.  of  ice  in  ten  hours.  Crawford,  and  afterwards 
Dulong  and  Despretz,  used  Rnmford's  water-calorimeter,  which  is  similar  to  iayre  and 
Silbermann's.  Small  animals  are  placed  in  the  inner  thin-walled  copper  chamber  (K),  which 
is  placed  in  a  water-bath  surrounded  on  all  sides  by  some  non-conducting  material.  We 
require  to  know  the  amount  of  water,  and  its  original  temperature.  The  number  of  .calories 
is  obtained  from  the  increase  of  the  temperature  at  the  end  of  the  experiment,  which  lasts 
several  hours.  The  air  is  supplied  to  the  animal  through  a  special  apparatus,  resembling  a 
gasometer.    The  amount  of  CO.^  in  the  gases  evolved  is  estimated. 

According  to  Despretz,  a  bitch  formed  16,410  heat-units  per  hour— 393,000 
in  twenty -four  hours.  Other  things  being  equal,  a  man  seven  times  heavier  than 
this  would  produce  in  twenty-four  hours  about  2,750,000  calories.  Senator  found 
that  a  dog  weighing  6330  grms.  produced  15,370  calories  per  hour,  and  excreted  at 
the  same  time  367  grms.  COg.  The  first  calorimetric  experiments  on  man  were  made 
by  Scharling  (1849).  Liebernieister  estimated  the  amount  of  heat  given  off  by  a 
man  placed  in  a  cold  bath,  which  was  surrounded  with  a  woollen  covering.  Leyden 
placed  a  lower  limb  in  the  calorimeter,  whereby  6000  grms.  water  were  raised 
r  C.  in  an  hour.  If  we  assume  that  the  total  superficial  area  of  the  body  is  fifteen 
times  greater  than  that  of  the  leg,  the  human  body  would  produce  2,376,000 
calories  in  twenty-four  hours. 

212.  THERMAL  CONDUCTIVITY  OF  TISSUES.— The  thermal  conductivity  of  animal 
tissues  is  of  special  interest  in  connection  with  the  skin  and  subcutaneous  fatty  tissue.  The 
fatty  layer  under  the  skin,  more  especially  in  the  whale,  walrus,  and  seal,  forms  a  protective 
covering,  whereby  the  conduction  of  heat  from  internal  organs  is  rendered  almost  impossible. 
Investigations  upon  this  subject,  however,  are  few.  Griess  attempted  to  estimate  the  thermal 
conductivity  by  heating  one  part  of  the  tissue,  and  determining  when  and  m  what  direction 
pieces  of  wax  placed  on  the  tissue  to  be  investigated  began  to  melt.  He  investigated  the 
stomach  of  the  sheep,  the  bladder,  skin,  hoof,  horn,  and  bones  of  an  ox,  deer  s  horn,  ivory, 
mother-of-pearl,  shell  of  haliotis.  He  found  that  fibrous  tissues  conducted  heat  more  readily 
in  the  direction  of  their  fibres  than  at  right  angles  to  the  course  of  the  fibres.  Hence,  the 
figures  obtained  from  the  melted  wax  were  usually  elliptical.  Landois  has  made  similar 
observations,  and  he  finds  that  tissues  conduct  better  in  the  direction  of  their  fibres.  After 
bones,  blood-clot  was  the  best  conductor,  then  followed  spleen,  liver,  cartilage  tendon,  muscle, 
elastic  tissue,  nail  and  hair,  bloodless  skin,  gastric  mucous  membrane,  washed  fibrin.  It  is 
specially  interesting  to  note  how  much  better  skin  containing  Uood  m  its  blood-vessels 
conducts  than  does  bloodless  skin.  Hence  little  heat  is  given  ofi'  from  a  bloodless  skm,  while 
congested  skin  conducts  and  gives  off  much  more  heat.  or^^  ■\ 

Like  all  other  substances,  the  human  body  is  enlarged  by  heat.  A  man  weighing  60  kilos., 
and  whose  temperature  is  raised  from  ZT  C.  to  40°  C,  is  enlarged  about  62  cubic  centimetres. 
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Connective-tissue  (tendon)  is  extended  by  heat,  -while  elastic  tissue  and  the  skin,  like  caoutchouc, 
are  contracted. 

213.  VARIATIONS  OF  THE  MEAN  TEMPERATURE.— (1)  General 
Climatic  and  Somatic  Influences. — In  the  tropics  the  mean  temperature  of  the 
body  is  about  J°  C.  higher  than  in  temperate  climates,  where  again  it  is  several 
tenths  of  a  degree  warmer  than  in  cold  climates ;  but  this  has  recently  been 
denied.  The  difference  is  comparatively  trivial,  when  we  remember  that  a  man  is 
subjected  to  a  variation  of  over  40  °C.  in  passing  from  the  equator  to  the  poles. 
Observations  on  more  than  4000  persons  show  that  when  a  person  goes  from  a 
warm  to  a  cold  climate,  his  temperature  is  but  slightly  diminished,  but  when  he 
goes  from  a  cold  to  a  Avarm  climate  his  temperature  rises  relatively  considerably 
more.  In  the  temperate  zone,  the  temperature  of  the  body  during  a  cold  lointer  is 
usually  O'l"  to  0*3°  C.  lower  than  it  is  on  a  warm  summer  day.  The  height  of 
a  place  above  sea-level  has  no  obvious  effect  on  the  temperature  of  the  body. 
There  seems  to  be  no  difference  in  different  races,  nor  in  the  sexes,  other  conditions 
being  the  same.  Persons  of  powerful  physique  and  constitution  are  said  to  have 
generally  a  slightly  higher  temperature  than  feeble,  weak,  anaemic  persons. 

(2)  Influence  of  the  General  Metabolism. — As  the  formation  of  heat  depends 
upon  the  transformation  of  chemical  compounds,  whose  chief  final  products,  in 
addition  to  HgO,  are  CO2  and  urea,  the  amount  of  heat  formed  must  go  imri  passu 
with  the  amount  of  these  excreta.  The  more  rapid  metabolism  which  sets  in  after 
a  full  meal  causes  a  rise  of  temperature  to  several  tenths  of  a  degree  ("Digestion- 
fever  ").  As  the  metabolism  is  much  diminished  during  hunger,  this  explains  why 
the  mean  temperature  in  a  fasting  man  is  36"6°,  while  it  is  37'17°  on  ordinary  days 
(§^37). 

Jiirgensen  also  found  that  the  temperature  fell  on  the  first  day  of  inanition  (although  there 
was  a  temporary  rise  on  the  second  day).  In  experiments  made  upon  starving  animals,  the 
temperature  at  first  fell  rapidly,  then  remained  constant  for  a  considerable  time,  while  during 
the  last  days  it  fell  considerably.  Schmidt  starved  a  cat — on  the  15th  day  the  temperature  was 
38-6°;  on  the  16th,  38-3°;  17th,  37-64°;  18th,  35-8°;  19th  (death)  =  33-0°.  Chossat  found 
that  starving  mammals  and  birds  had  a  temperature  16°  C.  below  normal  on  the  day  of  their 
death. 

(3)  Age  has  a  decided  effect  upon  the  temperature  of  the  body.  The  extent  of 
the  general  metabolism  is  in  part  an  index  of  the  heat  of  the  body  at  different  ages, 
but  it  is  possible  that  other,  as  yet  unknown,  influences  are  also  active. 


Age. 

Mean  Temperature  at  the 
Ordinary  Temperature. 

Normal  Limits. 

Wliere  Measured. 

Newly-born, 

37-45°  C. 

37-35-37-55°  C. 

Rectum. 

5-9  year. 

37-72 

36-87-37-62 

Mouth  and  Rectum. 

15-20  ,, 

37-37 

36-12-38-1 

Axilla. 

21-30  „ 

37-22 

25-30 

36-91 

31-40 

37-1 

36-25-37-5 

41-50 

36-87 

51-60  ,, 

36-83 

Mouth. 

80 

87-46 

Newly-born  animals  exhibit  peculiarities  owing  to  the  sudden  change  in  their 
conditions  of  existence.  Immediately  after  birth,  the  infant  is  0-3°  warmer  than 
the  vagina  of  the  mother,  viz.,  37-86°.  A  short  time  after  birth  the  temperature 
falls  0-9°,  while  twelve  to  twenty-four  hours  afterwards  it  has  risen  to  the  normal 
temperature  of  an  infant,  which  is  37-45°.  Several  irregular  variations  occur 
during  the  first  weeks  of  life.  During  sleep  the  temperature  of  an  infant  falls 
0-34°  to  0-56°,  while  continued  crying  may  raise  it  several  tenths  of  a  degree. 
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Old  people,  on  account  of  their  feeble  metabolism,  produce  little  heat ;  they 
become  cold  sooner,  and  hence  ought  to  wear  warm  clothing  to  keep  up  their 
temperature. 

(4)  Periodical  Daily  Variations.— In  the  course  of  twenty-four  hours  there  are 
regular  periodic  variations  in  the  mean  temperature,  and  these  occur  at  all  ages. 
As  a  general  rule,  the  temperature  continues  to  rise  during  the  day  (maximum  at 
5  to  8  P.M.),  while  it  continues  to  fall  during  the  night  (minimum  2  to  6  a.m.). 
The  mean  temperature  occurs  at  the  third  hour  after  breakfast  (fig.  286). 

The  mean  height  of  all  the  temperatures  taken  during  a  day  in  a  patient  is  called 
the  "  daily  mean,"  and  according  to  Jaeger  it  is  37-31°  in  the  rectum  m  health. 
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Fig.  2öD. 

Variations  of  the  daily  temperature  in  health  during  twenty-four  hours.    L  ,  after 

Liebermeister  ;  J  ,  after  Jurgensen. 


A  daily  mean  of  more  than  37-8°  is  a  "fever  temperature,"  while  a  mean  under 
37-0°  C.  is  regarded  as  a  "collapse  temperature." 


Time. 

Bavensprung. 

J.  Davj\ 

Hallraann. 

Gierse. 

Jürgensen. 

Jäger. 

Morning,  5 
6 

36"- 6  8 

36-7 
36-7 

36-6 
36-4 

36-  9 

37-  1 

7 

36-94* 

36-63 

36-98 

36-7* 

36-5* 

37-5* 

8 

37-16* 

36-80* 

37-08* 

36-8 

36-7 

37-4 

9 

36-89 

36-9 

36-8 

37-5 

10 

37"-'26 

101=37-36 

37-23 

37-0 

37-0 

37-5 

11 

36-89 

37-2 

37-2 

37-3 

Mid-day,  12 
1 

36"87 

37-3* 

37-3* 

37-5* 

36-83 

37-21 

37-13 

37-3 

37-3 

37-4 

2 

37 -OS 

37-50* 

37-4 

37-4 

37-5 

3 

37-15* 

37-43 

37-4* 

37-3* 

37-5 

4 

37-17 

37-4 

37-3 

37-5* 

5 

37 '-48 

37-05* 

5i=-"37-31 

37-43 

37-5 

37-5 

37-5 

6 

6^  =  36-83 

37-29 

37-5 

37-6 

37-4 

7 

37 '-43 

7i  =  36-50* 

37 -si* 

37-5* 

37-6* 

37-3 

8 

37-4 

37-7 

37-1* 

9 

37-02==- 

37-4 

37-5 

36-9 

10 

37-29 

37-3 

37-4 

36-8 

11 

36  "85 

36-72 

36-70 

36-81 

37-2 

37-1 

36-8 

Night,  12 
1 

37-1 

36-9 

36-9 

36  "65 

36 '-44 

37-0 

36-9 

36-9 

2 
3 

36-9 
36-8 

36-7 
36-7 

36-8 
36-7 

4 

36 -SI 

36-7 

36-7 

36-7 
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As  the  variations  occur  wlien  a  person  is  starved  for  a  day— altliongh  those  that  occur  at  the 
periods  at  which  food  ought  to  have  been  taken  are  less — it  is  obvious  that  the  variations  are 
not  due  entirely  to  the  taking  of  food.    [The  *  indicates  taking  of  food.] 

The  daily  variation  in  the  frequency  of  the  pulse  often  coincides  with  variation  of  the 
temperature.  Bärensprung  found  that  the  mid-day  temperature  maximum  slightly  preceded 
the  pulse  maximum  (§  70,  3,  C). 

If  one  sleeps  during  the  day,  and  does  all  one's  daily  duties  during  the  night,  the 
above  described  typical  course  of  the  temperature  is  reversed.  With  regard  to  the 
e&ect  of  activity  or  rest,  it  appears  that  the  activity  of  the  muscles  during  the  day 
tends  to  increase  the  mean  temperature  slightly,  while  at  night  the  mean  tempera- 
ture is  less  than  in  the  case  of  a  person  at  rest. 

The  peripheral  parts  of  the  body  exhibit  more  or  less  regular  variations  of  their  temperature. 
In  the  palm  of  the  hand,  the  progress  of  events  is  the  following  : — after  a  relatively  high  night 
temperature  there  is  a  rapid  fall  at  6  a.m.,  Avhich  reaches  its  minimum  at  9  to  10  a.m.  This  is 
followed  by  a  slow  rise,  Avhich  reaches  a  high  maximum  after  dinner  ;  it  falls  between  1  to  3 
P.M.,  and  after  two  or  three  hours  reaches  a  minimum.  It  rises  from  6  to  8  p.m.,  and  falls 
again  towards  morning.  A  rapid  fall  of  the  temperature  in  a  peripheral  part  corresponds  to  a 
rise  of  temperature  in  internal  parts. 

(5)  Many  operations  upon  the  body  affect  the  temperature.  After  hsemorrhage 

the  temperature  falls  at  first,  but  it  rises  again  several  tenths  of  a  degree,  and  is 
usually  accompanied  by  a  shiver  or  slight  rigor ;  several  days  thereafter  it  falls  to 
normal,  and  may  even  fall  somewhat  below  it.  The  sudden  loss  of  a  large  amount 
of  blood  causes  a  fall  of  the  temperature  of  ^  to  2°  C.  Yery  long-continued 
hsemorrhage  (dog)  causes  it  to  fall  to  31°  or  29°  C. 

This  is  obviously  due  to  the  diminution  of  the  processes  of  oxidation  in  the  anpemic  body, 
and  to  the  enfeebled  circulation.  Similar  conditions  causing  diminished  metabolism  effect  the 
same  result.  Continued  stimulation  of  the  peripheral  end  of  the  vagus,  so  that  the  heart's 
action  is  enormously  slowed,  diminishes  the  temperature  several  degrees  in  rabbits  {Landois 
and  Ammon). 

The  transfusion  of  a  considerable  quantity  of  blood  raises  the  temjDerature 
about  half  an  hour  after  the  operation.  This  gradually  passes  into  a  febrile  attack, 
which  disappears  within  several  hours.  When  blood  is  transfused  from  an  artery 
to  a  vein  of  the  same  animal,  a  similar  result  occurs  (§  102). 

(6)  Many  poisons  diminish  the  temperature,  e.g.,  chloroform  and  the  anaesthetics, 
alcohol  (§  2.35),  digitalis,  quinine,  aconitin,  muscarin.  These  appear  to  act  partly 
by  rendering  the  tissues  less  liable  to  undergo  molecular  transformations  for  the  pro- 
duction of  heat.  In  the  case  of  the  anaesthetics,  this  effect  perhaps  occurs,  and  is 
due  possibly  to  a  semi-coagulation  of  the  nervous  substance  C?).  They  may  also 
act  partly  by  influencing  the  giving  off  of  heat  (§  214,  IL).  Other  poisons 
increase  the  temperature  for  opposite  reasons. 

The  temperature  is  increased  by  strychnin,  nicotin,  picrotoxin,  veratrin,  laudanin. 

(7)  Various  diseases  diminish  the  temperatm'e,  which  may  be  due  either  to  lessened  produc- 
tion of  heat  (diminution  of  the  metabolism),  or  to  increased  expenditure  of  heat.  Loewenhardt 
found  that  in  paralytics  and  in  insane  persons,  several  weeks  before  their  death,  the  rectal 
temperature  was  30°  to  31°  C,  in  diabetes  30°  C.  or  less  ;  the  lowest  temperature  observed  and 
life  retained  in  a  drunk  person  was  24°  C. 

The  temperature  is  increased  in  fever,  and  the  highest  point  reached  just  before  death,  and 
recorded  by  Wunderlich,  was  44  "65°  C.  (compare  §  220), 

214.  REGULATION  OF  THE  TEMPERATURE.— As  the  bodily  temperature 
of  man  and  similar  animals  is  nearly  constant,  notwithstanding  great  variations  in 
the  temperature  of  their  surroundings,  it  is  clear  that  some  mechanism  must  exist 
in  the  body,  whereby  the  heat  economy  is  constantly  regulated.  This  may  be 
brought  about  in  two  ways ;  either  by  controlling  the  transformation  of  potential 
energy  into  heat,  or  by  affecting  the  amount  of  heat  given  off  according  to  the 
amount  produced,  or  to  the  action  of  external  agencies. 

[The  constancy  or  thermostatic  condition  of  the  temperature  is  brought  about  by 
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three  co-operant  factors,  the  thermogenic  or  heat-producing,  the  thermolytic  or 
heat-discharging,  and  the  thermotaxic  or  mechanisn  by  which  heat-production  and 
heat-loss  are  balanced,  and  it  is  obvious  that  the  last  must  be  in  relation  with  the 
other  two.  The  thermotaxic  mechanism  is  developed  last,  is  least  pronounced  in 
the  lower  vertebrata,  and  is  most  easily  liable  to  fail  under  injury  or  disease 
(^MacAlister).'] 

I.  Regulatory  Arrangements  governing  the  Production  of  Heat. — Lieber- 
meister estimated  the  amount  of  heat  produced  by  a  healthy  man  at  1  -8  calories, 
i.e.,  the  kilo  unit,  per  minute.  It  is  highly  probable  that,  within  the  body,  there 
exist  mechanisms  which  determine  the  molecular  transformations,  upon  which  the 
evolution  of  heat  depends.  This  is  accomplished  chiefly  in  a  reflex  mamier.  The 
peripheral  ends  of  cutaneous  nerves  (by  thermal  stimulation),  or  the  nerves  of  the 
intestine  and  the  digestive  glands  (by  mechanical  or  chemical  stimulation  during 
digestion  or  inanition),  may  be  irritated,  whereby  impressions  are  conveyed  to  the 
heat-centre,  which  sends  out  impulses  through  efferent  fibres  to  the  depots  of 
potential  energy,  either  to  increase  or  diminish  the  extent  of  the  transformations 
occurring  in  them.  The  nerve-channels  herein  concerned  are  entirely  unknown. 
Many  considerations,  however,  go  to  support  such  an  hypothesis  (§  377). 

[Thermotaxic  Mechanism,  Thermal  Nerves  and  Centres. —Just  as  the  respiration  and  the 
state  of  the  blood-vessels  are  regulated  from  a  central  focus,  so  the  question  arises,  Does  the 
same  obtain  with  regard  to  temperatures  ?  Studying  this  question,  however,  it  must  be  borne 
in  mind  that  thermometric  observations  alone  are  not  sufficient ;  the  true  test  must  be  calori- 
metric.  Sir  Benjamin  Brodie  observed  that  in  a  case  of  injury  of  the  spinal  cord  in  the  neck 
the  temperature  in  the  thigh  rose  very  high.  In  some  cases  the  temperature  falls.  Wood  has 
sliown  that  section  of  the  cord  above  the  origin  of  the  splanchnics  leads  to  decided  increase  in  the 
amount  of  heat  dissipated,  but  to  a  decided  diminution  of  heat-production.  The  vaso-motor 
paralysis  has  much  to  do  in  these  cases  with  the  loss  of  heat.  In  warm-blooded  animals, 
exposed  to  a  high  temperature,  the  heat-production  is  diminished,  but  when  they  are  exposed 
to  a  low  temperature  it  is  increased.  If  a  warm-blooded  animal's  medulla  oblongata  be  divided, 
there  is  a  fall  of  temperature,  chiefly  due  to  vaso-motor  paralysis,  and  such  an  animal  behaves, 
as  regards  the  effect  of  heat  and  cold,  exactly  like  a  poikilothermal  animal,  i.e.,  its  metabolism 
and  iieat-production  are  increased  by  cold  and  diminished  by  heat.  If,  however,  the  incision 
be  made  above  the  pons,  so  as  to  leave  the  vaso-motor  centre  intact  in  the  dog,  there  is  a  rise  of 
the  temperature  and  increased  heat-production  for  24  hours  afterwards.  This  suggests  the  idea 
that  this  region  is  traversed  by  inhibitory  nerves,  so  that  when  they  are  cut  off"  from  their  centres 
situate  above,  the  augmentor  nerves  can  act  more  vigorously.  This  suggests  the  existence  of 
thermo-inhibitory  centres  situate  higher  up  in  the  brain.  If  an  animal  be  curarised,  not  only 
is  there  paralysis  of  voluntary  motor  acts,  but  on  stimulating  an  ordinary  motor  nerve,  not 
only  is  there  no  muscular  contraction,  but  there  is  no  rise  of  temperature  of  the  muscles  supplied 
by  that  nerve.  In  such  an  animal  the  temperature  rises  and  falls  with  the  temperature  of  the 
surrounding  medium.  Even  although  the  respirations  be  kept  constant  and  the  vaso-motor 
nerves  intact,  the  thermogenic  activity  of  muscles,  therefore,  seems  to  be  dependent  on  their 
innervation.  ] 

[Cerebral  Centres.— Apart  from  the  cortical  heat  centres  (§  377),  Ott,  Aronsohu,  Sachs, 
Riebet,  and  others  have  shown  that  if  a  needle  be  thrust  through  the  skull  and  brain,  so  as 
to  injure  certain  deeper-seated  parts,  there  is  a  rise  of  temperature  and  increased  heat-produc- 
tion for  several  hours.  The  experiment  may  be  repeated  several  times  in  the  same  rabbit.  Ott 
gives  three  areas  which,  when  so  injured,  cause  these  effects— (1)  a  part  of  the  brain  in  the 
median  side  of  the  corpus  striatum,  and  near  the  nodus  cursorius ;  (2)  a  part  between  the  corpus 
striatum  and  the  optic  thalamus  ;  and  (3)  the  anterior  end  of  the  optic  thalamus  itself.  From 
the  effect  of  atropin,  Ott  suggests  the  existence  of  spinal  centres  as  well.] 

Regulatory  Mechanisms. — The  following  phenomena  indicate  the  existence  of 
mechanisms  regulating  the  production  of  heat : — 

(1)  The  temporary  application  of  moderate  cold  raises  the  bodily  temperature, 
while  heat,  similarly  applied  to  the  external  surface,  lowers  it  (§§  222  and  224). 

(2)  Cooling  of  the  surroundings  increases  the  amount  of  COg  excreted,  by  in- 
creasing the  production  of  heat,  while  the  0  consumed  is  also  increased  simul- 
taneously; heating  the  surrounding  medium  diminishes  the  CO2  (§  126,  5). 

D.  Finkler  found,  from  experiments  upon  guinea-pigs,  that  the  production  of  heat  was  more 
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than  doubled  -when  the  suiTOUiiding  temperature  was  diminished  24°  C.  The  metabolism  of  the 
guinea-i^ig  is  increased  in  winter  23  per  cent,  as  compared  with  summer,  so  that  the  same  rela- 
tion obtains  as  in  the  case  of  the  diminution  of  the  surrounding  temperature  of  short  duration. 

C.  Ludwig  and  Sanders-Ezn  found  that  in  a  rabbit  there  was  a  rapid  increase  in  the  amount 
of  CO2  given  off,  when  the  surroundings  were  cooled  from  38°  to  6°  or  7°  C;  while  the  excre- 
tion was  diminished  when  the  surrounding  temperature  was  raised  from  4°  -  9°  to  35°  — 37°,  so 
that  the  thermal  stimulation,  due  to  the  temperature  of  the  surrounding  medium,  acted  upon 
the  combustion  within  the  body.  Pflüger  found  that  a  rabbit  which  was  dipped  in  cold  water 
used  more  0  and  excreted  more  CO^. 

If  the  cooling  action  was  so  great  as  to  reduce  the  bodily  temperature  to  30°,  the  exchange  of 
gases  diminished,  and  where  the  temperature  fell  to  20°,  the  exchange  of  gases  was  diminished 
one-half.  It  is  to  be  remembered,  however,  that  the  excretion  of  CO.^  does  not  go  hand  in 
hand  with  the  formation  of  CO^.  If  mammals  be  placed  in  a  warm  bath,  which  is  2°  to  3° 
higher  than  their  own  temperature,  the  excretion  of  COgand  the  consumption  of  0  are  increased 
owing  to  the  stimulation  of  their  metabolism,  while  the  e-xcretion  of  urea  is  also  increased  in 
animals  and  in  man  (§  126,  5). 

(3)  Cold  acting  upon  the  skin  causes  involuntary  muscular  movements 
(shivering,  rigors),  and  also  voluntary  movements,  both  of  which  produce  heat. 

The  cold  excites  the  action  of  the  muscles,  which  is  connected  with  processes  of  oxidation 
{Pßilger).  After  poisoning  with  curare,  which  paralj^ses  voluntary  ^notion,  this  regulation  of 
the  heat  falls  to  a  minimum  {Röhrig  and  Zuntz),  [so  that  the  bodily  temperature  rises  and  falls 
with  a  rise  or  fall  in  the  temperature  of  the  surrounding  medium]. 

(4)  Variations  in  the  temperature  of  the  surroundings  affect  the  appetite 

for  food  ;  in  winter,  and  in  cold  regions,  the  sensation  of  hunger  and  the  ajjpetite 
for  the  fats,  or  such  substances  as  yield  much  heat  when  they  are  oxidised,  are 
increased ;  in  summer,  and  in  hot  cHmates,  they  are  diminished.  Thus  the  mean 
temperature  of  the  surroundings,  to  a  certain  extent,  determines  the  amount  of 
the  heat-producing  substances  to  be  taken  in  the  food. 

II.  Regulatory  Mechanisms  governing  the  Excretion  of  Heat  or  Thermolysis. 
— The  mean  amount  of  heat  given  off  by  the  human  skin  in  twenty-four  hours,  by 
a  man  weighing  82  kilos,  is  2092  to  2952  calories,  i.e.,  1*36  to  1*60  per  minute. 

[Radiation  from  the  Skin. — The  real  radiating  surface  in  man  under  ordinary  conditions  is 
the  surface  of  the  clothes,  and  only  to  a  comparatively  small  extent  the  skin.  In  warm- 
blooded animals  it  is  not  the  naked  epidermis  but  the  surface  of  the  hair  or  feathers.  The 
amount  of  radiation  from  this  surface  depends  (1)  on  the  difference  between  its  temperature 
and  that  of  the  surroundings,  and  (2)  on  its  co-efficient  of  emission.  G.  N.  Stewart  has  compared 
the  influence  of  these  two  factors  for  the  human  skin  by  measuring  simultaneously  the  temper- 
ature of  the  skin  and  the  amount  of  heat  radiated  from  it.  Both  measurements  were  made  by 
the  electrical  method  with  lead  paper  gratings.  The  co-efficient  of  emission  was  not  found  to 
vary  much  under  the  conditions  of  the  experiments,  the  chief  factor  in  determining  the  amount 
of  radiation  being  the  temperature  difference.  Masje,  however,  has  stated  that  when  a  large 
part  of  the  body  is  stripped  in  a  cold  atmosphere  the  radiation  from  the  skin  is  increased, 
although  its  temperature  is  lowered.  The  effect  of  replacing  the  normal  radiating  surface  by  one 
of  higher  temperature  is  well  seen  when  the  hair  is  extensively  removed  from  a  rabbit  or  a 
guinea-pig,  and  the  animal  is  prevented  from  covering  itself.  Even  in  warm  summer  weather 
the  animal  may  die  in  as  short  a  time  as  twenty  hours  {G.  N.  Stcinart).] 

(1)  Heat  causes  dilatation  of  the  cutaneous  vessels;  the  skin  becomes  red, 
congested,  and  soft ;  it  contains  more  fluids,  and  becomes  a  better  conductor  of 
heat ;  the  epithelium  is  moistened,  and  sweat  appears  upon  the  surface.  Thus 
increased  excretion  of  heat  is  provided  for,  while  the  evaporation  of  the  sweat  also 
abstracts  heat. 

The  amount  of  heat  necessary  to  convert  into  vapour  1  grm.  of  water  at  100°  C.  is  equal  to 
that  required  to  heat  10  grms.  from  0°  to  53 '67°  C.  The  sweat  as  secreted  is  at  the  temperature 
of  the  body  ;  if  it  were  completely  changed  into  vapour,  it  would  require  the  heat  necessary  to 
raise  it  to  the  boiling  point,  and  also  that  necessary  to  convert  it  into  vapour. 

Cold  causes  contraction  of  the  cutaneous  vessels ;  the  skin  becomes  pale,  less 
soft,  poorer  in  juices,  and  collapsed ;  the  epithelium  becomes  dry,  and  does  not 
permit  fluids  to  pass  through  it  to  be  evaporated,  so  that  the  excretion  of  heat  is 
diminished.    The  excretion  of  heat  from  the  periphery,  and  the  transverse  thermal 
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conduction  tliroiigli  the  skin,  are  diminished  by  the  contraction  of  the  vessels  and 
muscles  of  the  skin,  and  by  the  expulsion  of  the  well-conducting  blood  from  tlie 
cutaneous  and  subcutaneous  vessels.  The  cooling  of  the  body  is  very  much  affected, 
owing  to  the  diminution  of  the  cutaneous  blood-stream,  just  as  occurs  when  the 
current  through  a  coil  or  worm  of  a  distillation  apparatus  is  greatly  diminished. 
If  the  blood-vessels  dilate,  the  temperature  of  the  surface  of  the  body  rises,  the 
difference  of  temperature  between  it  and  the  surrounding  cooler  medium  is  increased, 
and  thus  the  excretion  of  heat  is  increased.  Tomsa  has  shown  that  the  fibres  of 
the  skin  are  so  arranged  anatomically,  that  the  tension  of  the  fibres  produced  by 
the  erector  pili  muscles  causes  a  diminution  in  the  thickness  of  the  skin,  this  result 
being  brought  about  at  the  expense  of  the  easily  expelled  blood. 

By  the  systematic  application  of  stimuli,  e.g.,  cold  baths,  and  washing  with  cold  water,  the 
muscles  of  the  skin  and  its  blood-vessels  may  be  caused  to  contract,  and  become  so  vigorous  and 
excitable  that  when  cold  is  suddenly  apj)lied  to  the  body,  or  to  a  part  of  it,  the  excretion  of 
heat  is  energetically  prevented,  so  that  cold  baths  and  washing  with  cold  water  are,  to  a  certain 
extent,  "gymnastics  of  the  cutaneous  muscles,"  which,  under  the  above  circumstances,  protect 
the  body  from  cold. 

(2)  Increased  temperature  causes  increased  heart-beats,  while  diminished 
temperature  diminishes  the  number  of  contractions  of  the  heart  (§  58,  IL,  a). 

The  relatively  Avarm  blood  is  pumped  by  the  action  of  the  heart  from  the  internal 
organs  of  the  body  to  the  surface  of  the  skin,  where  it  readily  gives  off  heat.  The 
more  frequently  the  same  volume  of  blood  passes  through  the  skin — twenty- seven 
heart-l3eats  being  necessary  for  the  complete  circuit  of  the  blood — the  greater  will 
be  the  amount  of  heat  given  off,  and  conversely.  Hence,  the  frequency  of  the 
heart-beat  is  in  direct  relation  to  the  rapidity  of  cooling.  In  very  hot  air  (over 
100°  C.)  the  pulse  rises  to  over  160  per  minute.  The  same  is  true  in  fever  (§  70, 
3,  c).    Liebermeister  gives  the  following  numbers  in  an  adult : — 

Pulse-beats,  per  min.,       78-6       91  "2       99-8       108-5       110  137-5 
Temperature  in  C,  37°         38°         39°         40°         41°  42° 

(3)  Increased  Temperature  increases  the  Number  of  Respirations. — Under 
ordinary  circumstances,  a  much  larger  volume  of  air  passes  through  the  lungs 
when  it  is  warmed  almost  to  the  temperature  of  the  body.  Further,  a  certain 
amount  of  watery  vapour  is  given  off  with  each  expiration,  which  must  be 
evaporated,  thus  abstracting  heat.  Energetic  respiration  aids  the  circulation,  so 
that  respiration  acts  indirectly  in  the  same  way  as  (2).  According  to  other 
observers,  the  increased  consumption  of  0  favours  the  combustion  in  the  body, 
whereby  the  increased  respiration  must  act  in  producing  an  amount  of  heat  greater 
than  normal  (§  126,  8).  This  excess  is  more  than  compensated  for  by  the  cooling 
factors  above  mentioned.  Forced  respiration  produces  cooling,  even  when  the  air 
breathed  is  heated  to  54°  C,  and  saturated  with  watery  vapour. 

(4)  Covering  of  the  body.— Animals  become  clothed  in  winter  with  a  winter 
fur  or  covering,  while  in  summer  their  covering  is  lighter,  so  that  the  excretion  of 
heat  in  surroundings  of  different  temperatures  is  thereby  rendered  more  constant. 

Many  animals  wdiicli  live  in  very  cold  air  or  water  (whale)  are  protected  from 
too  rapid  excretion  of  heat  by  a  thick  layer  of  fat  under  the  skin.  Man  provides 
for  a  similar  result  by  adopting  summer  and  winter  clothing. 

(5)  The  position  of  the  body  is  also  important  ;  pulling  the  parts  of  the  body 
together,  approximation  of  the  head  and  limbs,  keep  in  the  heat ;  spreading  out 
the  limbs,  erection  of  the  hairs,  pluming  the  feathers,  allow  more  heat  to  be  evolved. 
If  a  rabbit  be  kept  exposed  to  the  air  with  its  legs  extended  for  three  hours,  the 
rectal  temperature  will  fall  from  39°  C.  to  37°  C.  Man  may  influence  his 
temperature  by  remaining  in  a  warm  or  a  cold  room — by  taking  hot  or  cold 
drinks,  hot  or  cold  baths — remaining  in  air  at  rest  or  air  in  motion,  e.g.,  by  using 
a  fan. 
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CLOTHING. — Warm  Clothing  is  the  Equivalent  of  Food. — As  clothes  are  intended  to  keep 
in  the  heat  of  the  body,  and  heat  is  produced  by  the  combustion  and  oxidation  of  the  food,  we 
may  say  the  body  takes  in  heat  directly  in  the  food,  while  clothing  prevents  it  from  giving 
off  too  much  heat.  Summer  clothes  weigh  3  to  4  kilos.,  and  winter  ones  6  to  7  kilos. 
In  connection  with  clothes,  the  following  considerations  are  of  importance  : — 
(1)  Their  capacity  for  conduction. — Those  substances  which  conduct  heat  badly  keep  us 
warmest.  Hare-skin,  down,  beaver-skin,  raw  silk,  taffeta,  sheep's  wool,  cotton  wool,  flax,  spun- 
silk,  are  given  in  order,  from  the  worst  to  the  best  conductors.  (2)  The  ca'pacity  for  radiation. 
— Coarse  materials  radiate  more  heat  than  smooth,  but  colour  has  no  effect.  (3)  Relation  to  the 
sun's  rays. — Dark  materials  absorb  more  heat  than  light-coloured  ones.  (4)  Their  hygroscopic 
properties  are  important,  whether  they  can  absorb  much  moisture  from  the  skin  and  gradually 
give  it  off  by  evaporation,  or  the  reverse.  The  same  weight  of  wool  takes  up  twice  as  much 
as  linen  ;  hence  the  latter  gives  it  off  in  evaporation  more  rapidly.  Flannel  next  the  skin  is 
not  so  easily  moistened,  nor  does  it  so  rapidly  become  cold  by  evaporation  ;  hence  it  protects 
against  the  action  of  cold.  (5)  'Th.(i  permeability  for  air  is  of  importance,  but  does  not  stand 
in  relation  with  the  heat-conducting  capacity.  The  following  substances  are  arranged  in  order 
from  the  most  to  the  least  permeable — flannel,  buck-skin,  linen,  silk,  leather,  waxcloth. 

215.  HEAT-BALANCE.— As  the  temperature  of  the  body  is  maintained 
within  narrow  limits,  the  amount  of  heat  taken  in  must  balance  the  heat  given  off, 
i.e.,  exactly  the  same  amount  of  potential  energy  must  be  transformed  in  a  given 
time  into  heat,  as  heat  is  given  oif  from  the  body.  An  adult  produces  as  much 
heat  in  half  an  hour  as  will  raise  the  temperature  of  his  body  1°  C.  If  no  heat 
were  given  ofi',  the  body  would  become  very  hot  in  a  short  time ;  it  would  reach 
the  boiling  point  in  thirty-six  hours,  supposing  the  production  of  heat  continued 
uninterruptedly.  The  following  are  the  most  important  calculations  on  the 
subject : — 

A.  Helmholtz  was  the  first  to  estimate  numerically  the  amount  of  heat  produced  by  a 
man  : — 

(1)  Heat-income. — {a)  A  healthy  adult,  weighing  82  kilos.,  expires  in 
twenty-four  hours  878-4  grms.  CO^  {Scharling).    The  combustion 

of  the  C  therein  into  CO.2  produces   1,730,760  cal. 

(&)  But  he  takes  in  more  0  than  reappears  in  the  CO2 ;  the  excess  is 
used  in  oxidation-processes,  e.g.,  for  the  formation  of  HgO,  by 
union  with  H,  so  that  13-615  grms.  H  will  be  oxidised  by  the 
excess  of  0,  which  gives   318,600  ,, 


2,049,360  cal. 

(c)  About  25  per  cent,  of  the  heat  must  be  referred  to  sources  other 

than  combustion  (Z>MZo?ig'),  so  that  the  total       ....   =2,732,000  ,, 

2,732,000  calories  are  actually  sufficient  to  raise  the  temperature  of  an  adult,  weighing 
80  to  90  kilos.,  from  10°  to  38°  or  39°  C,  i.e.,  to  a  normal  temperature. 

(2)  Heat-expenditure.— («)  Heating  the  food  and  drink,  which 

have  a  mean  temperature  of  12°  C.       .       .       .         70,157  cal.  =  2-6  per  cent. 
(&)  Heating  the  air  respired  =  16,400  grms.  with  an  initial 

temperature  of  20°  C.   70,032  ,,    =  2-6 

{When  the  temperature  of  the  air  is  0°,  140,064  cal.  =      per  cent.) 
(c)  Evaporation  of  656  grms.  water  by  the  lungs,   .       .       397,536  ,,    --=14-7  ,, 
{d)  The  remainder  given  oft"  by  radiation  and  evaporation  of 

water  by  the  skin,       .....       {77 '5  j^er  cent,  to)  =  80-1 

B.  Dulong. — (1)  Heat-income. — Dulong  and  others  sought  to  estimate  the  amount  of  heat 
from  the  C  and  H  contained  in  the  food.  As  we  know  that  the  combustion  of  1  grm.  C  =  8040 
heat-units,  and  1  grm.  H  =  34,460  heat-units,  it  would  be  easy  to  determine  the  amount  of  heat 
were  the  C  simply  converted  into  CO^  and  the  H  into  H2O.  But  Dulong  omitted  the  H  in  the 
carbohydrates  {e.g.,  grape-sugar  =  C6Hi206)  as  producing  heat,  because  the  H  is  already  com- 
bined with  0,  or  at  least  is  present  in  the  proportion  in  which  it  exists  in  water.  This  assump- 
tion is  hypothetical,  for  the  atoms  of  C  in  a  carbohydrate  may  be  so  firmly  united  to  the  other 
atoms,  that  before  oxidation  can  take  place  their  relations  must  be  altered,  so  that  potential  energy 
is  used  up,  i.e.,  heat  must  be  rendered  latent ;  so  that  these  considerations  rendered  the  following 
example  of  Dulong's  method  given  by  Vierordt  very  problematic^al : — 

An  adult  eats  in  twenty-four  hours  120  grms.  proteids,  90  grms.  fat,  and  340  grms.  starch 
(carbohydrates).    These  contain  : — 
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Proteids  .  .  .         120  grms.  contain      64-18  C.  and   8-60  H. 

Fat,  .    '  .  .  .  90    „         „  70-20       „  10-26 

Starch,  ...         340    „  146-82 


281-20  and  18' 

The  nrine  and  faeces  contain  still  unconsnmed,    .  .   29*8  6' 


Remainder  to  be  burned,  .  .  .  251-4    and  12-56 

As  1  grm.  C-8040  heat-units  and  1  grm.  H  =  34,460  heat-units,  we  have  the  following  cal- 
culation : — 

251-4     X     8,040  =  2,031,312  (from  combustion  of  C). 
12-56  X  34,460=    432,818  (    ,,  „  H). 

2,464,130  heat-units. 

(2)  Heat-Expenditure  ^^^^ 

Heat-units.  ^^^^.^^^^ 

1.  1900  grins,  are  excreted  daily  by  the  urine  and  fteces,  and  they 

are  25°  warmer  than  the  food,    .....       47,500  1-9 

2.  13,000  grms.  air  are  heated  (from  12°  to  37°  C.)  (heat-capacity 

of  the  air  =  0-26),  ......       84,500  3-38 

3.  330  grms.  water  are  evaporated  by  the  respiration  (1  grm.  =  582 
heat-units). 


19-2,060  7-68 


4.  660  grms.  water  are  evaporated  from  the  skin,     .  .  .     384,120  15-37 

Total,   708,180 

Remainder  radiated  and  conducted  from  the  skin,        .  .  1,791,820  71-67 


Total  amount  of  heat-units  given  off,         .  .  •  2,500,000  lOO'OO 

C.  Heat-income.— Frankland  burned  the  food  directly  in  a  calorimeter,  and  found  that  1 
grm.  of  the  following  substances  yielded  : — 

Albumin,  1  grm. ,      .  .  .  •  4998  heat-units. 

Grape-sugar,  1  grm.,  .  .  •  3217  ,, 

Ox  fat,  1  grm,,  ....  9069 

The  albumin,  however,  is  only  oxidised  to  the  stage  of  urea,  hence  the  heat- units  of  urea 
must  be  deducted  from  4998,  which  gives  4263  heat-units  obtainable  from  1  grm.  albumm. 
When  we  know  the  number  of  grams  consumed,  a  simple  multiplication  gives  the  number  of 
heat-units. 

The  heat-imits  will  vary,  of  course,  with  the  nature  of  the  food.  J.  Ranke  gives  the  fol- 
lowing : — 

With  animal  diet,  .  .  .  .  2,779,524  heat-units. 

,,  food  free  from  N,  ....  '2,059,506 
,,    mixed  diet,  ....  '2,200,000 

during  hunger,      ....  2,012,816  ,, 

216.  VARIATIONS  IN  HEAT-PRODUCTION.— (1)  Influence  of  Bodily  Surface.— Rubner 
found  that  the  production  of  heat  depended  more  upon  the  size  of  the  body  and  its  superficial 
area  than  \\\m\  the  body-weight.  Small  or  young  animals  have  a  relatively  larger  surface  than 
large  or  older  ones,  and  as  the  removal  of  heat  takes  place  chiefly  from  the  external  surface, 
animals  with  a  larger  surface  must  produce  more  heat.  Small  animals  use  relatively  more  0. 
Rubner's  investigations  on  dogs  of  different  size  gave  a  heat-production  of  1,143,000  calories  for 
every  square  metre  of  cutaneous  surface.  On  comparing  the  body-weight  with  the  cutaneous 
surface  in  different  animals,  he  found  that  for  every  1  kilo,  of  body-weight  there  was  m  the  rat 
1650,  rabbit  946,  man  287  square  centimetres  of  surface.  .   •  i 

(2)  Age  and  Sex.— The  heat-production  is  less  in  infancy  and  in  old  age,  and  it  is  less  m 
proportion  in  the  female  than  in  the  male. 

(3)  Daily  Variation.— The  heat-production  shows  variations  in  twenty-four  hours  correspond- 
ing with  the  temperature  of  the  body  (§  213,  4). 

(4)  The  heat-production  is  greater  in  the  waking  condition,  during  physical  and  mental 
exertion,  and  during  digestion,  than  in  the  opposite  conditions. 

217.  RELATION  OF  HEAT-PRODTJCTION  TO  WORK.— The  potential 
energy  supplied  to  the  body  may  be  transformed  into  heat  and  various  other 
forms  of  kinetic  energy  (see  Introduction).  In  the  resting  condition,  almost 
all  the  potential  energy  is  changed  into  heat ;  the  workman,  however,  transforms 
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potential  energy  into  work — mechanical  work — in  addition  to  heat.  These  two 
may  be  compared  by  using  an  equivalent  measurement,  thus,  1  heat-unit  (energy 
required  to  raise  1  gram  of  water  1°  C.)  =  425-5  grammetres. 

Eelation  of  Heat  to  Work. — The  following  example  may  serve  to  illustrate  the  relation 
between  heat-production  and  the  production  of  work  : — Suppose  a  small  steam-engine  to  be 
placed  within  a  capacious  calorimeter,  and  a  certain  q\iantity  of  coal  to  be  burned,  then  as  long 
as  the  engine  does  not  perform  any  mechanical  work,  heat  alone  is  produced  by  the  burning  of 
tlie  coal.  Let  this  amount  of  heat  be  estimated,  and  a  second  experiment  made  by  burning  the 
same  amount  of  coal,  but  allow  the  engine  to  do  a  certain  amount  of  work— say,  raise  a  weight 
— by  a  suitable  arrangement.  This  work  must,  of  course,  be  accomplished  by  the  potential 
energy  of  the  heating  materiaL  At  the  end  of  this  experiment,  the  temperature  of  the  water 
will  be  much  less  than  in  the  first  experiment,  i.e.,  fewer  heat-units  have  been  transferred  to  the 
calorimeter  when  the  engine  was  heated  than  when  it  did  no  work.  Comparative  experiments 
of  this  nature  have  shown  that  in  the  second  experiment  the  useful  work  is  very  nearly  pro- 
portional to  the  decrease  of  the  heat  {Him). 

Compare  this  Math  what  happens  within  the  body  : — A  man  in  a  passive 
condition  forms  from  the  potential  energy  of  the  food  between  2J  to  2|  million 
calories.  The  work  done  by  a  workman  is  reckoned  at  30,000  kilogrammetres 
(§  300). 

If  the  organism  were  precisely  similar  to  a  machine,  a  smaller  amount  of  heat, 
corres]3onding  to  the  work  done,  would  be  formed  in  the  body.  As  a  matter  of 
fact,  the  organism  produces  less  heat  from  the  same  amount  of  potential  energy 
when  mechanical  work  is  done.  There  is  one  point  of  difference  between  a 
workman  and  a  working  machine.  The  workman  consumes  much  more  potential 
energy  in  the  same  time  than  a  j^assive  person ;  much  more  is  transformed  in  his 
hody ;  and  hence  the  increased  consumption  is  not  only  covered,  but  even  over- 
compensated.  Hence,  the  workman  is  warmer  than  the  passive  person,  owing  to 
the  increased  muscrdar  activity  (§210,  1,  h).  Take  an  example  : — Hirn  remained 
passive,  and  absorbed  30  grms.  0  per  hour  in  a  calorimeter,  and  produced  155 
calories.  When  in  the  calorimeter  he  did  work  equal  to  27,450  kilogrammetres, 
which  was  transferred  beyond  it ;  he  absorbed  132  grms.  0,  and  produced  only 
251  calories. 

In  estimating  the  work  done,  we  must  include  only  the  heat-equivalent  of  the  work  transferred 
beyond  the  body ;  lifting  weights,  pushing  anything,  throwing  a  weiglit,  and  lifting  the  body, 
are  examples.  In  ordinai\y  walking  we  must  take  into  account  that  we  overcome  the  resistance 
of  the  air  and  activity  of  the  muscles. 

The  organism  is  superior  to  a  machine  in  as  far  as  it  can,  from  the  same  amount 
of  potential  energy,  produce  more  work  in  proportion  to  heat.  Whilst  the  very 
best  steam-engine  gives  J  of  the  potential  energy  in  the  form  of  work,  and  J  as 
heat,  the  body  produces  i  as  work  and  4  as  heat.  Chemical  energy  can  never  do 
work  alone,  in  a  living  or  dead  motor,  without  heat  being  formed  at  the  same 
time. 

218.  ACCOMMODATION  FOR  VARYING  TEMPERATURES.— All  sub- 
stances which  possess  high  conductivity  for  heat,  when  brought  into^contact  with 
the  skin,  appear  to  be  very  much  colder  or  hotter  than  bad  conductors  of  heat.  The 
reason  of  this  is  that  these  bodies  abstract  far  more  heat,  or  conduct  more  heat 
than  other  bodies.    Thus  the  water  of  a  cool  bath,  being  a  better  conductor  of 
heat,  is  always  thought  to  be  colder  than  air  at  the  same  temjDerature.    In  our 
climate  it  appears  to  us  that- 
Air,  at  18°  C.  is  moderately  warm  ;  Water,  at  18°  C.  is  cold  ; 
„    at  25°-28°  C,  hot ;  „     from  18°-29°  C,  cool  ; 
above  28°,  very  hot.  29°-35°  C,  warm  ; 

,,       ,,    37 '5°  and  above,  hot. 

Warm  Media. — As  long  as  the  temperature  of  the  body  is  higher  than  that  of 
the  surrounding  medium,  heat  is  given  off,  and  that  the  more  rapidly  the  better 
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the  conducting  power  of  the  surrounding  medium.  As  soon  as  the  temperature  of 
the  surrounding  -medium  rises  higher  than  the  temperature  of  the  body,  the  latter 
absorbs  heat,  and  it  does  so  the  more  rapidly  the  better  the  conducting  power  of 
the  medium.  Hence  hot  water  appears  to  be  warmer  than  air  at  the  same  temper- 
ature. A  person  may  remain  eight  minutes  in  a  bath  at  45 '5°  C.  (dangerous  to 
life  ! ) ;  the  hands  may  be  plunged  into  water  at  50 '5°  C,  but  not  at  51-65°,  while 
at  60°  violent  pain  is  produced. 

A  person  may  remain  for  eight  minutes  in  hot  air  at  127°  C,  and  a  temperature 
of  132°  C.  has  been  borne  for  ten  minutes,  and  yet  the  body  temperature  rises  only 
to  38-6°  or  38-9°.  This  depends  upon  the  air  being  a  bad  conductor,  and  thus  it 
gives  less  heat  to  the  body  than  water  would  do.  Further,  and  what  is  more 
important,  the  skin  becomes  covered  with  sweat,  which  evaporates  and  abstracts 
heat,  while  the  lungs  also  give  off  more  watery  vapour.  The  enormously  increased 
heart-beats — over  1 60 — and  the  dilated  blood-vessels,  enable  the  skin  to  obtain  an 
ample  supply  of  blood  for  the  formation  and  evaporation  of  sweat.  In  proportion 
as  the  secretion  of  sweat  diminishes,  the  body  iDecomes  unable  to  endure  a  hot 
atmosphere  ;  hence  it  is  that  in  air  containing  much  loatery  vajwur  a  person  cannot 
endure  nearly  so  high  a  temperature  as  in  dry  air,  so  that  heat  must  accumulate  in 
the  body.  In  a  Turkish  vapour-bath  of  53°  to  60°  C,  the  rectal  temperature  rises 
to  40'7°  or  41-6°  C.  A  person  may  work  continuously  in  air  at  31°  C.  which  is 
almost  saturated  with  moisture. 

If  a  person  be  placed  in  water  at  the  temperature  of  the  body,  the  normal 
temperature  rises  1°  C.  in  one  hour,  and  in  IJ  hour  about  2°  C.  A  gradual 
increase  of  the  temperature  from  38'6°  to  40*2°  C.  causes  the  axillary  temperature 
to  rise  to  39*0°  within  fifteen  minutes. 

219.  STORAGE  OF  HEAT. — As  the  uniform  temperature  of  the  body,  under 
normal  circumstances,  is  due  to  the  reciprocal  relation  between  the  amount  of  heat 
produced  and  the  amount  given  off,  it  is  clear  that  heat  must  be  stored  up  in  the 
body  when  the  evolution  of  heat  is  diminished.  The  skin  is  the  chief  organ 
regulating  the  evolution  of  heat ;  when  it  and  its  blood-vessels  contract,  the  heat 
evolved  is  diminished  ;  when  they  dilate,  it  is  increased.  Heat  may  be  stored  up 
when — 

{a)  The  skin  is  extensively  stimulated,  whereby  the  cutaneous  vessels  are  temporarily  con- 
tracted. (6)  Any  other  circumstances  preventing  heat  from  being  given  off  by  the  skin,  (c) 
When  the  vaso-motor  centre  is  excited,  causing  all  the  blood-vessels  of  the  body — tliose  of  the 
skin  included— to  contract.  This  seems  to  be  the  cause  of  the  rise  of  temperature  after  trans- 
fusion of  blood,  and  the  rise  of  temperature  after  the  sudden  removal  of  xoater  from  the  body 
seems  to  admit  of  a  similar  explanation,  as  the  inspissated  blood  occupies  less  space,  and  the 
contracted  vessels  of  the  skin  admit  less  blood,  {d)  When  the  circulation  in  the  cutaneous 
vessels  of  a  large  area  is  mechanically  slowed,  or  when  the  smaller  vessels  are  plugged  by  the 
injection  of  some  sticky  substance,  or  by  the  transfusion  of  foreign  blood,  the  temperature  rises 
(§  102). 

It  is  also  obvious  that  when  a  normal  amount  of  heat  is  given  off,  an  increased 
production  of  heat  must  raise  the  temperature.  The  rise  of  the  temperature  after 
muscular  or  mental  exertion,  and  during  digestion,  seems  to  be  caused  in  this  way. 
The  rise  which  occurs  several  hours  after  a  cold  bath  is  probably  due  to  the  reflex 
excitement  of  the  skin  causing  an  increased  production  {Jürgensen). 

When  the  temperature  of  the  body,  as  a  whole,  is  raised  6°  C,  death  takes  place, 
as  in  sunstroke.  It  seems  as  if  there  was  a  molecular  decomposition  of  the  tissues 
at  this  temperature  ;  while,  if  a  slightly  lower  temperature  be  kept  up  continuoushj, 
fatty  degeneration  of  many  tissues  occurs  {Litten).  If  animals,  which  have  been 
exposed  artificially  to  a  temperature  of  over  42°  to  44°  C,  be  transferred  to  a 
cooler  atmosphere,  their  temperature  becomes  sub-normal  (36°  C),  and  may  remain 
so  for  several  days. 
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220.  FEVEE. — Fever  consists  in  a  disorder  of  the  body  heat,""  and  at  the  same  time  there 
is  greatly  increased  tissue  metaholism  (especially  in  tlie  muscles).  Of  course  the  mechanism 
regulating  the  balance  of  formation  and  expenditure  of  heat  is  disturbed.  During  fever  the 
body  is  greatly  incapacitated  for  performing  mechanical  work.  It  is  evident,  therefore,  that 
the  large  amount  of  potential  energy  transformed  is  almost  all  converted  into  heat,  so  that  the 
non-transformation  of  the  energy  into  mechanical  work  is  another  im[)ortant  factor.  We  may 
take  intermittent  fever  or  ague  as  a  type  of  fever,  in  which  violent  attacks  of  fever  of  several 
hours'  duration  alternate  with  periods  free  from  fever.  This  enables  us  to  analyse  the  symptoms. 
The  symptoms  of  fever  are  : — 

(1)  The  increased  bodily  temperature  (38°  to  39°  C,  slight ;  from  39°  to  41°  C.  and  upwards, 
severe). — The  high  temperature  occurs  not  only  in  cases  where  the  skin  is  red,  and  has  a  hot 
burning  feeling  (calor  mordax),  but  even  during  the  rigor  or  the  shivering  stage,  the  temperature 
is  raised.  The  congested  red  skin  is  a  good  conductor  of  heat,  while  the  pale  bloodless  skin 
conducts  badly  ;  hence,  the  former  feels  hot  to  the  touch  (§212). 

[The  following  table  in  °  C.  and  °  F.  indicates  generally  the  degree  of  fever  : — 


35°  C.  =  95°  F.  .  .  Collapse. 

36  =  96-8    .  .  Low. 

36-  5  =  977    .  .  Sub-normal. 

37  =  98-6    .  .  Normal. 

37-  5  =  99 '4^ 


) 


39°  C.  =102-2 

39-  5  =103-1 

40  =104 

40-  5  =104-9 

41  =105-8  Hyperpyretic 


Moderate  Fever. 
High  fever. 


38  =100-4  k  .  Sub-febrile.  FiiilaysonA 
38-5     =101-3  j 

(2)  The  increased  production  of  heat  is  proved  by  caloiimetric  observations.  This  is,  in 
small  part,  due  to  the  increased  activity  of  the  circulation  being  changed  into  heat  (§  206,  2,  a), 
but  for  the  most  part  it  is  due  to  increased  combustion  within  the  body. 

(3)  The  increased  metabolism  gives  rise  to  the  "consuming"  or  "wasting"  character  of 
fever,  which  was  known  to  Hippocrates  and  Galen.  In  1852  v.  Bärensprung  asserted  that  "all 
the  so-called  febrile  symptoms  show  that  the  metabolism  is  increased."  The  increase  of  the 
metabolism  is  shown  in  the  increased  excretion  of  CO^  =  lQ  to  80  per  cent.,  while  more  0  is  con- 
sumed, although  the  respiratory  quotient  remains  the  same.  According  to  D.  Finkler,  the 
CO2  excreted  shows  greater  variations  than  the  0  consumed.  The  excretion  of  urea  is  increased 
\  to  |-.  In  dogs  suffering  from  septic  fever,  Naunyn  observed  that  the  urea  began  to  increase 
before  the  temperature  rose,  ''prefebrile  rise.'"  Part  of  the  urea,  however,  is  sometimes  retained 
during  the  fever,  and  appears  after  the  fever  is  over,  ' ^ epicritical  excretion  of  urea."  The  uric 
acid  is  also  increased  ;  the  urine  pigynent  (§  19),  derived  from  the  hsenioglobin,  may  be  increased 
twenty  times,  while  the  excretion  of  potash  may  be  seven-fold.  It  is  important  to  observe  that 
the  oxidation  or  combustion  processes  within  the  body  of  the  fever-patient  are  greatly  increased 
when  he  is  placed  in  a  warmer  atmosphere.  The  oxidation  processes  in  fever,  however,  are  also 
increased  under  the  inffuence  of  cooler  surroundings  (§  214,  I.,  2),  but  the  increase  of  the  oxida- 
tion in  a  warm  medium  is  very  much  greater  than  in  the  cold  {D.  FinUer).  The  amount  of 
CO2  in  the  blood  is  diminished,  but  not  at  once  after  the  onset  even  of  a  very  severe  fever 
{Geppert). 

(4)  The  diminished  excretion  of  heat  varies  in  diff'erent  stages  of  a  fever.  We  distinguish 
several  stages  in  a  fever— (a)  The  cold  stage,  when  the  loss  of  heat  is  greatly  diminished 
owing  to  the  pale  bloodless  skin,  but  at  the  same  time  the  heat-production  is  increased  1|  to  2J 
times.  The  sudden  and  considerable  rise  of  the  temperature  during  this  stage  shows  that  the 
diminished  excretion  of  heat  is  not  the  only  cause  of  the  rise  of  the  temperature.  (6)  During 
the  hot  stage  the  heat  given  off  from  the  congested  red  skin  is  greatly  increased,  but  at  the  same 
time  more  heat  is  produced.  Lieber meister  assumes  that  a  rise  of  1,  2,  3,  4°  C.  corresponds  to 
an  increased  production  of  heat  of  6,  12,  18,  24  per  cent,  (c)  In  the  sweating  stage  the  excre- 
tion of  heat  through  the  red  moist  skin  and  evaporation  are  greatest,  more  than  two  or  three 
times  the  normal.^  The  heat-production  is  either  increased,  normal,  or  sub-normal,  so  that 
under  these  conditions  the  temperature  may  also  be  sub-normal  (36°  C. ). 

(5)  The  heat-regulating  mechanism  is  injured. —A  warm  temperature  of  the  surroundings 
raises  the  temperature  of  the  fever-patient  more  than  it  does  that  of  a  non-febrile  person.  The 
depression  of  the  heat-production,  which  enables  normal  animals  to  maintain  their  normal 
temperature  in  a  warm  medium  (§  214),  is  much  less  in  fever  {D.  Finkler). 

The  accessory  phenomena  of  fever  are  very  important :— Increase  in  the  intensity  and 
number  of  the  heart-beats  (§  214,  II.,  2)  and  respirations  (in  adults  40,  and  children  60  per 
min. )  both  being  compensatory  phenomena  of  the  increased  temperature ;  further,  diminished 
digestive  activity  and  intestinal  movements  (§  186,  D);  disturbances  of  the  cerebral  activities  ; 
of  secretion  ;  of  muscular  activity;  slower  excretion,  e.g.,  of  potassium  iodide  through  the 
urine.  In  severe  fever,  molecular  degenerations  of  the  tissues  are  very  common.  For  the  con- 
dition of  the  blood-corpuscles  in  fever,  see  §  10,  the  vascular  tension,  §  69,  the  saliva,  §  146, 
digestion,  §  186. 

Quinine,  the  most  important  febrifuge,  causes  a  decrease  of  the  temperature  by  limiting  the 
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production  of  lieat  (§  213,  6).  Toxic  doses  of  the  metallic  salts  act  in  the  same  way,  while  there 
IS  at  the  same  time  diminished  formation  of  CO^  [Antipyretics  or  Febrifuges.  — Allmethods  wliich 
diminish  abnormal  temperature  belong  to  this  group.  As  the  constant  temperature  of  the  body 
depends  on  (1)  the  amount  of  heat-production,  and  (2)  the  loss  of  heat,  we  may  lower  the 
temperature  either  in  the  one  way  or  the  other.  When  cold  water  is  applied  to  the  body^  it 
abstracts  heat,  i.e.,  it  affects  the  results  of  fever,  so  that  Liebermeister  calls  such  methods 
antithermic.  But  those  remedies  which  diminish  the  actual  heat-production  are  true  anti- 
pyretics. In  practice,  however,  both  methods  are  usually  employed,  and  spoken  of  collectively  as 

antipyretic]  .    ^  ^  t  j.- 

[Amongst  the  methods  which  are  used  to  abstract  heat  from  the  body  are  the  application 
of  colder  lluids,  such  as  the  cold  bath,  diffusion,  douche,  spray,  ice,  or  cold  mixtures,  &c.  A 
person  suffering  from  high  fever  requires  to  be  repeatedly  placed  in  a  cold  bath  to  produce  any 
permanent  reduction  of  the  temperature.  Some  remedies  act  by  favouring  the  radiation  of  heat, 
by  dilating  the  cutaneous  vessels  (alcohol),  while  others  excite  the  sweat-glands— 2. e.,  are 
S'udorißcs— so  that  the  water  by  its  evaporation  removes  some  heat.  Amongst  the  drugs  which 
influence  tissue  changes  and  oxidation,  and  thereby  lessen  heat-production,  are  quinine,  salicylic 
acid,  some  of  the  salicylates,  digitalis,  and  veratrin.  Blood-letting  was  formerly  used  to  diminish 
abnormal  temperature.  Amongst  the  newer  antipyretic  remedies  are  hydrochlorate  of  kairin 
and  antipyrin,  both  of  which  belong  to  the  aromatic  group  (derivatives  of  benzol),  which  includes 
also  many  of  our  best  antiseptics.] 

221.  ARTIFICIAL  INCHEASE  OF  THE  BODILY  TEMPERATURE.— If 
mammals  are  kept  constantly  ii\  air  at  40°  C,  the  excretion  of  lieat  from  the  body 
ceases,  so  that  the  heat  produced  is  stored  up.  At  first  the  temperature  falls  some- 
what for  a  very  short  time,  but  soon  a  decided  increase  occurs.  The  respirations 
and  pulse  are  increased,  while  the  latter  becomes  irregular  and  weaker.  The  0 
absorbed  and  COg  given  off  are  diminished  after  six  to  eight  hours,  and  death  occurs 
after  great  fatigue,  feebleness,  spasms,  secretion  of  saliva,  and  loss  of  consciousness, 
when  the  bodily  temperature  has  been  increased  4°  or  at  most  6°  C.  Death  does 
not  take  place  owing  to  rigidity  of  the  muscles,  for  the  coagulation  of  the  myosin 
of  manimals'  muscles  occurs  at  49°  to  50°  C,  in  birds  at  53°  C,  and  in  frogs  at 
40°  C.  If  mammals  are  suddenly  placed  in  air  at  100°  C,  death  occurs  (in  15  to 
20  min.)  very  rapidly,  and  with  the  same  phenomena,  while  the  bodily  temperature 
rises  4°  to  5°  C.  In  rabbits  the  body-weight  diminishes  1  grm.  per  niin.  Birds 
bear  a  high  temperature  somewhat  longer  ;  they  die  when  their  blood  reaches  48° 
to  50°  C. 

Even  man  may  remain  for  some  time  in  air  at  100-110-132°  C,  but  in  ten  to 
fifteen  minutes  there  is  danger  to  life.  The  skin  is  burning  to  the  touch,  and  red; 
a  copious  secretion  of  sweat  bursts  forth,  and  the  cutaneous  veins  are  fuller  and 
redder.  The  pulse  and  respirations  are  greatly  accelerated.  Violent  headache, 
vertigo,  feebleness,  and  stupefaction,  indicate  great  danger  to  life.  The  rectal 
temperature  is  only  1°  to  2°  C.  higher.  The  high  temperature  of  fever  may  even 
be  dangerous  to  human  Hfe.  If  the  temperature  remains  for  any  length  of  time 
at  42-5°  C,  death  is  almost  certain  to  occur.  Coagulation  of  the  blood  in  the 
arteries  is  said  to  occur  at  42*6°  C.  If  the  artificial  heating  does  not  produce  death, 
fatty  infiltration  and  degeneration  of  the  Hver,  heart,  kidneys,  and  muscles  begin 
after  thirty-six  to  forty-eight  hours. 

Cold-blooded  animals,  if  placed  in  hot  air  or  warm  water,  soon  have  their  temperature  raised 
6  to  10°  C.  The  highest  temperature  compatible  with  life  in  a  frog  must  be  below  40°  C. ,  as  the 
frog's  heart  and  muscles  begin  to  coagulate  at  this  temperature.  Death  is  preceded  by  a  stage 
resembling  death,  during  which  life  may  be  saved. 

Most  of  the  juicy  plants  die  in  half  an  hour  in  air  at  52°  C,  or  in  water  at  46  C.  [Sachs). 
Dried  seeds  of  corn  may  still  germinate  after  long  exposure  to  air  at  120°  C.  Lowly  organised 
plants,  such  as  alg^,  may  live  in  water  at  60°  C.  [Hoppe- Seijler).  Several  bacteria  withstand  a 
boiling  temperature  [Tyndall). 

222.  EMPLOYMENT  OF  HEAT.— Action  of  Heat.— The  short,  but  not  intense,  action  of 
heat  on  the  surface  causes,  in  the  first  place,  a  transient  slight  decrease  of  the  bodily  tempera- 
ture, partly  because  it  retards  reflexly  the  production  of  heat,  and  partly  because,  owing  to  the 
dilatation  of  the  cutaneous  vessels  and  the  stretching  of  the  skin,  more  heat  is  given  off.  A 
warm  bath  above  the  temperature  of  the  blood  at  once  increases  the  bodily  temperature. 
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Therapeutic  Uses. — The  application  of  heat  to  the  entire  body  is  used  where  tlie  bodily 
temperature  has  fallen,  or  is  likely  to  fall,  very  low,  as  in  the  algid  [stage  of  cholera,  and  in 
infants  born  prematurely.  The  general  application  of  heat  is  obtained  by  use  of  warm  baths, 
packing,  vapour  baths,  and  the  copious  use  of  hot  drinks.  The  local  application  of  heat  is 
obtained  by  the  use  of  warm  wrappings,  partial  baths,  plunging  the  parts  in  warm  earth  or  sand 
or  placing  wounded  parts  in  chambers  filled  with  heated  air.  After  removal  of  the  heating 
agent,  care  must  be  taken  to  prevent  a  great  escape  of  heat  due  to  the  dilatation  of  the 
blood-vessels. 

223.  INCREASE  OF  TEMPERATURE  POST-MORTEM.— Phenomena.— Heidenhain  found 
that  in  a  dead  dog,  before  the  body  cooled,  there  was  a  constant  temporary  rise  of  the  tempera- 
ture, which  slightly  exceeded  the  normal.  The  same  observation  had  been  occasionally  made 
on  human  bodies  immediately  after  death,  especially  when  death  was  preceded  by  muscular 
spasms  [also  in  yellow  fever].  Thus  Wunderlich  measured  the  temperature  fifty-seven  minutes 
after  death  in  a  case  of  tetanus,  and  found  it  to  be  45 '375°  C. 

Causes. — (1)  A  temporary  increased  'prochiction  of  heat  after  death,  due  chiefly  to  the  change 
of  the  semi-solid  myosin  of  the  muscles  into  a  solid  form  (rigor  mortis).  As  the  muscle  coagu- 
lates, heat  is  produced.  All  conditions  which  cause  rapid  and  intense  coagulation  of  the 
muscles — e.g.,  spasms — favour  post-mortem  rise  of  temperature  (see  §  295);  a  rapid  coagulation 
of  the  blood  has  a  similar  result  (§  28,  5). 

(2)  Immediately  after  death  a  series  oi  chemical  ptrocesses  occur  within  the  body,  whereby  heat 
is  produced.  Valentin  placed  a  dead  rabbit  in  a  chamber,  so  that  no  heat  could  be  given  oft' 
from  the  body,  and  he  found  that  the  internal  temperature  of  the  animal's  body  was  increased. 
The  processes  which  cairse  a  rise  of  temperature  post-mortem  are  more  active  during  the  first 
than  the  second  hour  ;  and  the  higher  the  temperature  at  the  moment  of  death,  the  greater  is 
the  amount  of  heat  evolved  after  death. 

(3)  Another  cause  is  the  diminished  excretion  of  heat  post-mortem.  After  the  circulation  is 
abolished,  within  a  few  minutes  little  heat  is  given  off  from  the  surface  of  the  body,  as  rapid 
excretion  im})lies  that  the  cutaneous  vessels  must  be  continually  filled  with  warm  blood. 

224.  ACTION  OF  COLD  ON  THE  BODY.— Phenomena.— A  short  temporary 
slight  cooling  of  the  skin  (removing  one's  clothes  in  a  cool  room,  a  cool  bath  for  a 
short  time,  or  a  cool  douche)  causes  either  no  change  or  a  slight  rise  in  the  bodily 
temperature.  The  slight  rise  when  it  occurs  is  due  to  the  stimulation  of  the  skin, 
causing  reflexly  a  more  rapid  molecular  transformation,  and  therefore  a  greater 
production  of  heat,  while  the  amount  of  heat  given  off  is  diminished  owing  to  con- 
traction of  the  small  cutaneous  vessels  and  the  skin  itself  (^Liehermeister).  The 
continuous  and  intense  application  of  cold  causes  a  decrease  of  the  temperature, 
chiefly  by  conduction,  notwithstanding  that  at  the  same  time  there  is  a  greater 
production  of  heat.  After  a  cold  bath  the  temperature  may  be  34°,  32°,  and 
even  30.° 

As  an  after-effect  of  the  great  abstraction  of  heat,  the  temperature  of  the  body 
after  a  time  remains  lower  than  it  was  before  {'■^primary  after-effect'' — Lieher- 
meister) ;  thus  after  an  hour  it  was  0-22°  C.  less  in  the  rectum.  There  is  a  ^'■secondary 
after-effect "  which  occurs  after  the  first  after-effect  is  over,  when  the  temperature 
rises  {Jürgensen).  This  effect  begins  five  to  eight  hours  after  a  cold  bath,  and  is 
equal  to  4-  0*2°  C.  in  the  rectum.  Hoppe-Seyler  found  that  some  time  after  the 
application  of  heat  there  was  a  corresponding  lowering  of  the  temperature. 

Taking  Cold. — If  a  rabbit  be  taken  from  a  surrounding  temperature  of  35°  C,  and  suddenly 
cooled,  it  shivers,  and  there  may  be  diarrhoea.  After  two  days  the  temperature  rises  1'5°  C, 
and  albuminuria  occurs.  There  are  microscopic  traces  of  interstitial  inflammation  in  the 
kidneys,  liver,  lungs,  heart,  and  nerve-sheaths,  the  dilated  arteries  of  the  liver  and  lung  con- 
tain thrombi,  and  in  the  neighbourhood  of  the  veins  are  accumulations  of  leucocytes.  In  preg- 
nant animals,  the  foetus  shows  the  same  conditions.  Perhaps  the  greatly  cooled  blood  acts  as 
an  irritant  causing  inflammation. 

Action  of  Frost.  — The  continued  application  of  a  high  degree  of  cold  causes  at  first  contrac- 
tion of  the  blood-vessels  of  the  skin  and  its  muscles,  so  that  it  becomes  pale.  If  continued, 
paralysis  of  the  cutaneous  vessels  occurs,  the  skin  becomes  red  owing  to  congestion  of  its 
vessels.  As  the  passage  of  fluids  through  the  capillaries  is  rendered  more  difficult  by  the  cold, 
the  blood  stagnates,  and  the  skin  assumes  a  livid  appearance,  as  the  0  is  almost  completely 
used  up.  Thus  the  peripheral  circulation  is  slowed.  If  the  action  of  the  cold  be  still  more 
intense,  the  peripheral  circulation  stops  completely,  especially  in  the  thinnest  and  most  exposed 
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organs— ears,  nose,  toes,  and  fingers.  The  sensory  nerves  are  paralysed,  so  that  there  is  numb- 
ness with  loss  of  sensibility,  and  the  parts  may  even  be  frozen  through  and  through.  As  the 
slowing  of  the  circulation  in  the  superficial  vessels  gradually  affects  other  areas  of  the  circu- 
lation, the  pulmonary  circulation  is  enfeebled,  and  diminished  oxidation  of  the  blood  occurs, 
notwithstanding  the  greater  amount  of  0  in  the  cold  air,  so  that  the  nerve  centres  are  affected. 
Hence  arise  great  dislike  to  making  movements  or  any  muscular  ettbrt,  a  painful  sensation  of 
fatigue,  a  peculiar  and  almost  irresistible  desire  to  sleep,  cerebral  inactivity,  blunting  of  the 
sense-organs,  and  lastly,  coma.  The  blood  freezes  at  -  3-9°  C,  while  the  juices  of  the  superficial 
parts  freeze  sooner.  Too  rapid  movements  of  the  frost-bitten  parts  ought  to  be  avoided.  Rub- 
bing with  snow,  and  the  very  gradual  application  of  heat,  produce  the  best  results.  Partial 
death  of  a  part  is  not  unfiequently  produced  by  the  prolonged  action  of  cold. 

225.  ARTIFICIAL  LOWERING  OF  THE  TEMPERATURE.— Phenomena. 

 The  artificial  cooling  of  warm-blooded  animals,  by  placing  them  in  cold  air  or 

in  a  freezing  mixture,  gives  rise  to  a  series  of  characteristic  phenomena.  If  the 
animals  (rabbits)  are  cooled  so  that  the  temperature  (rectum)  falls  to  18°,  they 
suffer  great  depression,  without,  however,  the  voluntary  or  reflex  movements  being 
aboHshed.  The  ^ulse  falls  from  100  or  150  to  20  beats  per  minute,  and  the  blood- 
pressure  falls  to  several  millimetres  of  Hg.  The  respirations  are  few  and  shallow. 
Suffocation  does  not  cause  spasms,  the  secretion  of  urine  stops,  and  the  liver  is 
congested.  The  animal  may  remain  for  twelve  hours  in  this  condition,  and  when 
the  muscles  and  nerves  show  signs  of  paralysis  coagulation  of  the  blood  occurs 
after  numerous  blood-corpuscles  have  been  destroyed.  The  retina  becomes  pale, 
and  death  occurs  with  spasms  and  the  signs  of  asphyxia.  If  the  bodily  temperature 
be  reduced  to  17°  and  under,  the  voluntary  movements  cease  before  the  reflex  acts. 
An  animal  cooled  to  18°  C,  and  left  to  itself,  at  the  same  temperature  as  the  sur- 
roundings, does  not  recover  of  itself,  but  if  artificial  respiration  be  employed,  the 
temperature  rises  10°  C.  If  this  be  combined  with  the  application  of  external 
warmth,  the  animals  may  recover  completely,  even  when  they  have  been  apparently 
dead  for  forty  minutes.  Walther  cooled  adult  animals  to  9°  C,  and  recovered  them 
by  artificial  respiration  and  external  warmth  ;  while  Horvath  cooled  i/oung  animals 
to  5°  C.  Mammals,  which  are  born  blind,  and  birds  which  come  out  of  the  egg 
devoid  of  feathers,  cool  more  rapidly  than  others.  Morphia,  and  more  so,  alcohol, 
accelerate  the  cooling  of  mammals,  at  the  same  time  the  exchange  of  gases  falls 
considerably  ;  hence,  drunk  men  are  more  liable  to  die  when  exposed  to  cold. 

Artificial  Cold-blooded  Condition. — CI.  Bernard  made  the  important  observa- 
tion, that  the  muscles  of  animals  that  had  been  cooled  remained  irritable  for 
a  long  time  to  direct  stimuli  as  well  as  to  stimuli  applied  to  their  nerves; 
and  the  same  is  the  case  when  the  animals  are  asphyxiated  for  want  of  0.  An 
"  artificial  cold-blooded  condition,''  i.e.,  a  condition  in  which  warm-blooded  animals 
have  a  lower  temperature,  and  retain  muscular  and  nervous  excitability,  may  also 
be  caused  in  warm-blooded  animals,  by  dividing  the  cervical  spinal  cord  and  keeping 
up  artificial  respiration  ;  further,  by  moistening  the  peritoneum  with  a  cool  solution 
of  common  salt. 

Hybernation  presents  a  series  of  similar  phenomena.  Valentin  found  that  hybernating 
animals  become  half  awake  when  their  bodily  temperature  is  28°  C.  ;  at  18°  C.  they  are  in  a 
somnolent  condition,  at  6°  they  are  in  a  gentle  sleep,  and  at  1-6°  C.  in  a  deep  sleep.  The 
heart-beats  and  the  blood-pressure  fall,  the  former  to  8  to  10  per  minute.  The  respiratory, 
urinary,  and  intestinal  movements  cease  completely,  and  the  cardio-pneumatic  movement  alone 
sustains  the  slight  exchange  of  gases  in  the  lungs  (§  59).  They  cannot  endure  cooling  to  0°  C, 
and  awake  before  the  temperature  falls  so  low.  Hybernating  animals  may  be  cooled  to  a  greater 
degree  than  other  mammals  ;  they  give  off  heat  rapidly,  and  they  become  warm  again  rapidly, 
and  even  spontaneously.  New-born  mammals  resemble  hybernating  animals  more  closely  in 
this  respect  than  do  adults. 

Cold-blooded  animals  may  be  cooled  to  0°.  Even  when  the  blood  has  been  frozen  and  ice 
formed  in  the  lymph  of  the  peritoneal  cavity,  frogs  may  recover.  In  this  condition  they  appear 
to  be  dead,  but  when  placed  in  a  warm  medium  they  soon  recover.  A  frog's  muscle  so  cooled 
will  contract  again.    The  germs  and  ova  of  lower  animals,  e.g.,  insects'  eggs,  survive  continued 
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frost  ;  and  if  the  cold  be  moderate,  it  merely  retards  development.  Bacteria,  e.g..  Bacillus 
antliracis,  survive  a  temperature  of  -  130°  C.  ;  yeast,  even  -  100°  C. 

Varnishing  the  skin  causes  a  series  of  similar  phenomena.  The  varnished  skin  gives  off  a  large 
amount  of  heat  by  radiation,  and  sometimes  the  cutaneous  vessels  are  greatly  dilated.  Hence 
the  animals  cool  rapidly  and  die,  although  the  consumption  of  0  is  not  diminished.  If  cooling 
be  prevented  by  warming  them  and  keeping  them  in  warm  wool,  the  animals  live  for  a  longer 
time.  The  blood  post-mortem  does  not  contain  any  poisonous  substances,  nor  even  are  any 
materials  retained  in  the  blood  which  can  cause  death,  for  if  the  blood  be  injected  into  other 
animals,  these  remain  healthy. 

226.  EMPLOYMENT  OF  COLD.— Cold  may  be  applied  to  the  whole  or  part  of  the  surface 
of  the  body  in  the  following  conditions : — 

(a)  By  placing  the  body  for  a  time  in  a  cold  bath  to  abstract  as  much  heat  as  possible,  when 
the  bodily  temperature  in  fever  rises  so  high  as  to  be  dangerous  to  life.  This  result  is  best 
accomplished  and  lasts  longest  when  the  bath  is  gradually  cooled  from  a  moderate  temperature. 
If  the  body  be  placed  at  once  in  cold  water,  the  cutaneous  vessels  contract,  the  skin  becomes 
bloodless,  and  thus  obstacles  are  ])laced  in  the  way  of  the  excretion  of  heat.  A  bath  gradually 
cooled  in  this  way  is  borne  longer.  The  addition  of  stimulating  substances,  e.g.,  salts,  which 
cause  dilation  of  the  cutaneous  vessels,  facilitates  the  excretion  of  heat  ;  even  salt  water 
conducts  heat  better.  If  alcohol  be  given  internally  at  the  same  time  it  lowers  the 
temperature. 

(&)  Cold  may  be  applied  locally  by  means  of  ice  in  a  bag,  which  causes  contraction  of  the 
cutaneous  vessels  and  contraction  of  the  tissues  (as  in  inflammation),  while  at  the  same  time 
heat  is  abstracted  locally, 

(c)  Heat  may  be  abstracted  locally  by  the  rapid  evaporation  of  volatile  substances  (ether, 
carbon  disulphide),  which  causes  numbness  of  the  sensory  nerves.  The  introduction  of  media 
of  low  temperature  into  the  body,  respiring  cool  air,  taking  cold  drinks,  and  the  injection  of 
cold  fluids  into  the  intestine  act  locally,  and  also  produce  a  more  general  action.  In  applying 
cold  it  is  important  to  notice  that  the  initial  contraction  of  the  vessels  and  the  contraction  of 
the  tissues  are  followed  by  a  greater  dilatation  and  turgescence,  i.e.,  by  a  healthy  reaction. 

227.  HEAT  OF  INFLAMED  PARTS,—"  Calor,"  or  heat,  is  reckoned  one  of  the  fundamental 
phenomena  of  inflammation,  in  addition  to  rubor  (redness),  tumor  (swelling),  and  dolor  (pain). 
But  the  apparent  increase  in  the  heat  of  the  inflamed  parts  is  not  above  the  temperature  of  the 
blood.  Simon,  in  I860,  asserted  that  the  arterial  blood  flowing  to  an  inflamed  part  was  cooler 
than  the  part  itself,  but  this  has  been  contradicted.  The  outer  parts  of  the  skin  in  an  inflamed 
part  are  warmer  than  usual,  owing  to  the  dilatation  of  the  vessels  (rubor)  and  the  consequent 
acceleration  of  the  blood-stream  in  the  inflamed  part,  and,  owing  to  the  swelling  (tumor),  from 
the  presence  of  good  beat-conducting  fluids  ;  but  the  heat  is  not  greater  than  the  heat  of  the 
blood.  It  is  not  proved  that  an  increased  amount  of  heat  is  produced  owing  to  increased 
molecular  decompositions  within  an  inflamed  part. 

228.  HISTORICAL  AND  COMPARATIVE.— According  to  Aristotle,  the  heart  prepares 
the  heat  within  itself,  and  sends  it  along  with  the  blood  to  all  parts  of  the  body.  This 
doctrine  prevailed  in  the  time  of  Hippocrates  and  Galen,  and  occurs  even  in  Cartesius  and 
Barrholinus  (1667,1"  flammula  cordis  ").  The  iatro-mechanical  school  {Boerhave,  van  Sioieten) 
ascribed  the  heat  to  the  friction  of  the  blood  on  the  walls  of  the  vessels.  The  iatro-chemical 
school,  on  the  other  hand,  sought  the  source  of  heat  in  the  fermentations  that  arose  from  the 
passage  of  the  absorbed  substances  into  the  blood  {van  Helmont,  Sylvius,  Ettmidler).  Lavoisier 
(1777)  was  the  first  to  ascribe  the  heat  to  the  combustion  of  carbon  in  the  lungs.  After  the 
construction  of  the  thermometer  by  Galileo,  Sanctorius  (1626)  made  the  first  thermometric 
observations  on  sick  persons,  while  the  first  calorimetrie  observations  were  made  by  Lavoisier 
and  Laplace.     Comparative  observations  are  given  at  §  207,  and  also  under  Hybernation 


27 


Physiology  of  the  Metaboho  Phenomena,  &c. 


By  the  term  metabolism  avc  mean  those  phenomena,  whereby  all — even  the  most 
lowly— living  organisms  are  capable  of  incorporating  the  substances  obtained  from 
their  food  into  their  tissues,  and  making  them  an  integral  part  of  their  own 
bodies.  This  part  of  the  process  is  known  as  assimilation.  Further,  the  organism 
in  virtue  of  its  metabolism  forms  a  store  of  potential  energy,  which  it  can  trans- 
form into  Unetic  energy,  and  which,  in  the  higher  animals  at  least,  appears  most 
obvious  in  the  form  of  muscular  work  and  heat.  The  changes  of  the  constitu- 
ents of  the  tissues,  by  which  these  transformations  of  the  potential  energy  are 
accompanied,  result  in  the  formation  of  excretory  products,  which  is  another  part 
of  the  process  of  metaboHsm.  The  normal  metaboHsm  requires  the  supply  of  food 
quantitatively  and  quahtatively  of  the  proper  kind,  the  laying  up  of  this  food 
within  the  body,  a  regular  chemical  transformation  of  the  tissues,  and  the  forma- 
tion of  the  effete  products  which  have  to  be  given  out  through  the  excretory 
organs.  [Synthetic  or  constructive  metaboHsm  is  spoken  of  as  anabolic,  and 
destructive  or  analytical  metabolism  as  katabolic,  metabolism.] 

[The  human  organism  is  continually  giving  off  daily,  i.e.,  daily  losses  :  — 
By  the  lungs :  carbon  dioxide  and  watery  vapour. 
By  the  kidneys:  water,  urea,  uric  acid,  &c,,  and  salts. 
By  the  skin:  water,  and  a  small  cpiantity  of  CO2  and  fatty  matter. 
By  the  bowel :  water,  insoluble  salts  and  residues  of  food,  &c. 
From  the  surfaces  of  the  body  are  given  off  a  small  quantity  of  epithelium  and 
mucus,  and,  under  certain  conditions,  the  products  of  the  secretion  of  the  mam- 
mary glands  and  testes.  •     a  '^ 

The  organism  takes  in  daily  a  certain  amount  of  matter,  i.e.,  daily  gams. 

By  the  lungs :  oxygen. 

By  the  digestive  tract,  i.e.,  food :  water,  salts,  proteids,  carbohydrates, 
and  fats. 

When  the  income  exactly  equals  the  expenditure,  i.e.,  quantitatively,  the  animal 
is  said  to  be  in  equilibrium.] 

[We  have  discussed  the  daily  income  and  expenditure  of  the  body  from  the 
quantitative  side,  but  when  we  compare  these  quaHtatively  we  find  that  there  is 
a  great  difference  between  what  we  take  in  as  food  and  give  off  as  excretions 
Setting  aside  the  water  and  salts  taken  in  with  the  food— for  they  are  excreted 
nearly  unchanged— our  food  consists  of  highly  complex  organic,  and  but  shghtly 
oxidised  bodies— proteids,  fats,  and  carbohydrates ;  while  the  excreta,  on  the 
other  hand,  are  such  simple  bodies  as  carbon  dioxide  (CO2),  water,  and  urea, 
the  last  of  which  readily  splits  up  into  carbon  dioxide  and  ammonia.  We  have 
seen  that  a  supply  of  oxygen  is  absolutely  necessary  for  life,  and  that  it  is  taken 
in  by  the  respiratory  processes,  and  carried  to  the  tissues  by  the  hsemoglobm  of 
the  red  blood-corpuscles.    In  the  capillaries  these  give  up  their  oxygen  to  the 
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tissues,  and  we  have  seen  good  reasons  for  believing  that  the  oxygen  is  used  up  in 
the  tissues  themselves — oxidation-processes — and  that  there  also  carbon  dioxide  is 
formed  (§  131),  constituting  the  so-called  "inner  respiration."  In  the  tissues  and 
organs  the  nutrient  organic  substances  are  more  and  more  oxidised,  until  the  final 
products,  water,  carbon  dioxide,  and  urea  are  reached.  All  this  takes  place 
through  and  by  the  activity  of  the  living  cellular  elements  of  the  tissues.  The 
cellular  elements  of  each  organ  or  tissue  select  from  the  lymph  the  materials  they 
require,  but  it  is  evident  that  the  process  of  oxidation  in  the  tissues  is  not  deter- 
mined solely  by  their  affinity  for  oxygen,  for  the  fats  which  are  oxidised  with 
difficulty  are  completely  decomposed  in  the  body  into  CO^  and  H2O.  Again,  such 
easily  oxidisable  substances  as  uric  acid  occur  in  the  body,  while  some  substances 
which  are  greedy  of  oxygen,  e.g.,  pyrocatechin,  pass  into  the  urine  unchanged.] 

[But  we  have  every  reason  to  believe  that  reduction-processes  also  take  place 
in  the  organism,  although  they  are  far  less  than  the  oxidation-processes.  When 
we  group  the  various  chemical  processes  taking  place  in  the  body,  they  are  by  no 
means  all  simple  processes  of  oxidation ;  we  have  dissociation,  or  the  separation 
of  a  complex  body  into  its  components,  taking  place,  as  in  the  separation  of  HbO^ 
into  Hb  and  0.  The  decomposition  may  be  either  of  a  simple  nature,  i.e.,  without 
the  addition  of  any  new  element,— z'.e.,  simple  decomposition,  — or  a  molecule  of 
water  maybe  taken  up,  constituting  hydrolytic  decomposition,  or  oxygen  may 
be  combined  with  it,  constituting  what  we  know  as  oxidation.  In  addition, 
various  synthetic  and  reduction-processes  may  take  place ;  so  that  it  is  plain  that 
decomposition  and  oxidation-processes  go  on  together  in  the  organism.] 

[When  we  compare  the  complex  proteid  with  what  represents  it  chiefly  in  the 
excreta — viz.,  urea — one  is  not  to  assume  that  urea  is  formed  directly  from  the 
proteid.  There  is  reason  to  believe  that  in  the  process  of  katabolism  there  are  a 
large  number  of  intermediate  less  highly  oxidised  bodies  formed  before  the  final 
stage  of  urea  is  reached.  We  are  but  imperfectly  acquainted  with  these.  The 
following  represents  some  of  these  bodies,  as  far  as  their  ratio  of  C  and  are 
concerned,  but  one  is  not  to  assume  that  they  are  all  precursors  of  urea. 

Albumin  contains  1  atom  N  to  4  C 

Glutin  „       1  8i  „ 

Glycin                                    1  2  „ 

Kroatin  and  Kreatinin  ,,1  Ii  ,, 

Uric  acid                                1  ,,  H 

AUantoin  ,,       1  ,,  1 

Urea                                        1  i 

In  proportion  as  the  members  of  this  group  become  poorer  in  C,  they  become 
richer  in  N,  and  also  in  0.] 

[Of  the  numerous  intermediate  bodies — the  products  of  the  retrogressive 
metabolism  of  the  tissues — we  know  much  too  little  to  be  able  to  state  definitely 
what  are  the  immediate  precursors  of  urea.  Perhaps  leucin,  glycocoll  or  glycin, 
asparagin  and  ammonia  salts  are  precursors  of  urea ;  at  least  when  given  to  an 
animal  they  reappear  as  urea.  These  bodies,  as  we  have  seen,  are  formed  in  the 
small  intestine,  and  it  is  supposed  that  they  are  changed  into  urea  in  the  liver 
(§  256).] 

[As  albumin  contains  1  atom  N  to  4  C  and  urea  1  to  J  C,  it  is  evident  that  in 
the  decomposition  of  a  proteid  a  non-nitrogenous  residue  must  be  set  free,  and 
doubtless  it  also  forms  a  series  of  intermediate  bodies,  each  of  which  step  by  step 
gains  more  0,  and  contains  less  C,  imtil  it  is  finally  excreted  as  CO 2  and  HgO. 
If,  however,  the  amount  of  this  non-nitrogenous  residue  be  greater  than  can  be 
decomposed  in  the  body,  there  is  reason  to  believe  that  it  may  be  stored  up  in  the 
form  of  fat  (§  241).] 

[The  changes  undergone  by  the  carbohydrates  are  much  simpler.    First  the 
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starches  are  changed  into  sugar  m  the  mouth  and  intestine,  and  sugar  formed  in  the 
intestine  enters  the  blood  for  the  most  part  as  such.  In  the  liver  it  is  dehydrated 
and  glycogen  is  formed,  hut  this  again  slowly  enters  the  blood-stream  as  sugar.  It 
is  then  comparatively  rapidly  oxidised  into  CO,  and  HgO.  What  the  intermediate 
products  are  is  uncertain.  If  the  sugar  be  in  excess  of  the  needs  of  the  economy 
it  is  supposed  that  it  may  be  stored  up  as  fat  (§  241).] 

[The  fats,  although  they  are  decomposed  with  difficulty  by  oxidising  agents,  are 
yet  rapidly  and  completely  split  up  in  the  organism  into  COg  and  H.^O.  The 
oxidation  does  not  seem  to  be  a  direct  process,  but  a  number  of  intermediate  bodies 
seem  to  be  formed.  We  have  in  the  body  examples  of  the  series  of  fatty  acids 
with  the  formula  Cnll2n02  (formic,  acetic,  propionic  acid,  ifcc.)  so  that  they  are 
probably  intermediate  bodies.  When  fat  is  taken  in  excess  it  is  not  necessarily 
stored  up  in  the  body  ;  in  fact,  there  is  reason  to  believe  that  fat  in  the  body  is 
chiefly  formed  from  proteids  (§241).] 

[Amongst  the  oxidation  processes  may  be  classified  the  formation  of  sulphuric 
acid.  The  sulphur  contained  in  the  proteid  molecule  is  oxidised,  and  appears  either 
as  a  sulphate,  or,  in  small  amount,  in  the  aromatic  compounds  of  the  urine  (§  262) 
(After  Munlv).] 

["  The  chemical  processes  of  the  animal  organism,  therefore,  may  be  represented 
as  a  series  of  oxidation  and  reduction  processes, — chiefly,  however,  analytical 
processes — in  virtue  of  which  the  highly  complex  and  slightly  oxidised  constituents 
of  the  body,  i.e.,  those  taken  into  the  body  as  food — are  decomposed  into  the 
simple  and  highly  oxidised  compounds — urea,  carbon  dioxide,  sulphuric  acid,  and 
water,  and  removed  from  the  body  as  such  by  the  various  organs  of  excretion" 
{Munlx).] 

[Alongside  of  these  oxidation  processes  there  are  certain  synthetic  and  reduction 
processes  which  take  place  in  the  body,  e.^.,  the  formation  of  hsemoglobin.  Benzoic 
acid  unites  with  giycocoU,  and  appears  in  the  urine  as  hippuric  acid  (§  260) ;  phenol 
unites  with  sulphuric  acid,  and  appears  as  phenol-sulphuric  acid.  Fatty  acids 
taken  into  the  alimentary  canal  unite  somewhere  with  glycerin  and  form  the 
corresponding  neutral  fat  (§  192,  3),  and  this  without  glycerin  being  administered 
at  the  same  time  with  the  fatty  acid.  But,  in  any  case,  the  synthetic  processes 
are  far  less  in  evidence,  and  are  far  fewer  in  number,  than  the  oxidation  and 
analytic  chemical  processes,  which  are  so  characteristic  of  animal  metabolism 
generally,  in  contrast  to  what  occurs  in  vegetable  metabolism  (see  Introduction). ~\ 

229.  THE  MOST  IMPORTANT  SUBSTANCES  USED  AS  FOOD.— Water. 

— When  we  remember  that  58-5-64  per  cent,  of  the  body  consists  of  water,  that 
water  is  being  continually  given  ofi"  by  the  urine  and  faeces,  as  well  as  through  the 
skin  and  lungs,  that  the  processes  of  digestion  and  absorption  require  water  for  the 
solution  of  most  of  the  substances  used  as  food,  and  that  numerous  substances 
excreted  from  the  body  require  water  for  their  solution,  especially  in  the  urine, 
the  great  importance  of  water  and  its  continual  renewal  within  the  organism  are  at 
once  apparent.  As  put  by  Hoppe-Seyler,  all  organisms  live  in  water,  and  even  in 
running  water,  a  remark  which  ranks  with  the  old  saying — "Corpora  non  agunt 
nisi  fluida." 

[Accordinof  to  Volkmann,  100  parts  of  a  human  being  consist  of  64  parts  water  16  pro- 
teid (and  gelatin),  14  fat,  and  5  parts  ash.  As  the  muscles  make  up  42-43  parts  of  the  entire 
body,  and  contain  21  per  cent,  of  proteid.  and  75  per  cent,  of  water,  it  is  evident  that  in 
round  numbers  the  muscles  contain  about  half  the  proteids  and  more  than  the  half  of  the 
total  water  of  the  body.] 

Water— as  far  as  it  is  not  a  constituent  of  all  fluid  foods— occurs  in  different  forms  as  drink: — 
(1)  Eain  water,  which  most  closely  resembles  distilled  or  chemically  pure  water,  always 
contains  minute  quantities  of  COg,  NH3,  nitrous  and  nitric  acids.  (2)  Spring  water  usually 
contains  much  mineral  substance.  It  is  formed  from,  the  deposition  of  watery  vapour  or  rain 
from  the  air,  which  permeates  the  soil,  containing  much  CO2  ;  the  COo  is  dissolved  by  the 
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water,  and  aids  in  dissolving  the  alkalies,  alkaline  eavtlis,  and  metals,  which  appear  in  solution 
as  bicarbonates,  e.g.,  of  lime  or  iron  oxide.  The  water  is  removed  from  the  spring  by  ])roper 
mechanical  appliances,  or  it  bubbles  up  on  the  surface  in  the  form  of  a  "spring."  (3)  River 
water  usually  contains  much  less  mineral  matter  than  spring  water.  Spring  water  floating  on 
the  surface  rapidly  gives  off  its  COo  whereby  many  substances— e.^.,  lime— are  thrown  out  of 
solution,  and  deposited  as  insoluble  precipitates. 

Gases  in  water.— Spring  water  contains  little  0,  but  much  COg,  the  latter  giving  to  it  its 
fresh  taste.  Hence,  vegetable  organisms  flourish  in  spring  water,  while  animals  requiring,  as 
they  do,  much  0,  are  but  poorly  represented  in  such  water.  Water  flowing  freely  gives  up  COg, 
and  absorbs  0  from  the  air,  and  thus  affords  the  necessary  conditions  for  the  existence  of  fishes 
and  other  marine  animals.  River  water  contains  3V  to  of  its  volume  of  absorbed  gases,  which 
may  be  expelled  by  boiling  or  freezing. 

Drinking  water  is  chiefly  obtained  from  springs.  ,  River  water,  if  used  for  this  purpose,  must 
-be  filtered  to  get  rid  of  mechanically  suspended  impurities.  For  household  purposes  a  charcoal 
filter  may  be  used,  as  the  charcoal  acts  as  a  disinfectant.  Alum  has  a  remarkable  action. 
When -added  to  give  a  dilution  containing  O'OOOl  per  cent.,  it  makes  turbid  water  clear. 

y  Investigation  of  Drinking  Water.— Drinking  water,  even  in  a  thick  layer, 
ought  to  be  completely  colourless,  not  turhid,  and  ivithout  odour.  Any  odour  is 
best  recognised  by  heating  it  to  50°  C,  and  adding  a  little  caustic  soda.  It  ought 
not  to  be  too  hard,  i.e.,  it  ought  not  to  contain  too  much  lime  (and  magnesia) 
salts. 

By  the  term  "degree  of  hardness"  of  a  water  is  meant  the  unit  amount  of  lime  (and 
magnesia)  in  100,000  parts  of  water  ;  a  water  of  20  degi-ees  of  hardness  contains  20  parts  of 
lime  (calcium  oxide)  combined  with  CO.^,  sulphuric,  or  hydrochloric  acids  (the  small  amount  of 
magnesia  may  be  neglected).  A  good  drinking  water  ought  not  to  exceed  20  degrees  of  hardness. 
The  hardness  is  determined  by  titrating  the  water  with  a  standard  soap  solution,  the  result 
being  the  formation  of  a  scum  of  lime-soap  on  the  surface.  The  hardness  of  ttnhoiled  Avater  is 
called  its  total  hardness,  w^hile  that  of  boiled  loater  is  called  permanent  hardness.  Boilino- 
drives  off  the  CO2,  and  precipitates  the  calcium  carbonate,  so  that  the  water  at  the  same  time 
becomes  softer. 

'  The  presence  of  sulphuric  acid,  or  sulphates,  is  determined  by  the  water  becoming  turbid  on 
adding  a  solution  of  barium  chloride  and  hydrochloric  acid. 

Chlorine  occurs  in  small  amount  in  pure  spring  water,  but  when  it  occurs  there  in  large 
amount— apart  from  its  being  derived  from  saline  springs,  near  the  sea  or  manufactories— we 
may  conclude  that  the  water  is  contaminated  from  water-closets  or  dunghills,  so  that  the 
estimation  of  chlorine  is  of  importance.  For  this  purpose  use  a  solution.  A,  of  17  grms.  of 
crystallised  silver  nitrate  in  1  litre  of  distilled  water  ;  1  cubic  centimetre  of  this  solution  pre 
cipitates  3-55  milligrams  of  chlorine  as  silver  chloride.  Use  also  B,  a  cold  saturated  solution 
of  neutral  potassium  Chromate.  Take  50  cubic  centimetres  of  the  water  to  be  investigated,  and 
place  it  in  a  beaker,  add  to  it  2  to  3  drops  of  B,  and  allow  the  fluid  A  to  run  into  it  from  a 
burette  until  the  white  precipitate  first  formed  remains  red,  even  after  the  fluid  has  been  stirred. 
Multiply  the  number  of  cubic  centimetres  of  A  used  by  7-1,  and  this  will  give  the  amount  of 
chlorine  in  100,000  parts  of  the  water.  Example— 50  c.cmtr.  requires  2-9  c.cmtr.  of  the  silver 
solution,  so  that  100,000  parts  of  the  water  contain  2-9  x  7-1  =  20-59  parts  chlorine  (^-m&c^ 
Tiemann).    Good  water  ought  not  to  contain  more  than  15  milligrams  of  chlorine  per  litre 

The  presence  of  lime  may  be  ascertained  by  acidulating  50  cubic  centimetres  of  the  water 
with  HCT,  adding  ammonia  in  excess,  and  afterwards  adding  ammonia  oxalate  ;  the  white 
precipitate  is  lime  oxalate.  According  to  the  degree  of  turbidity,  we  judge  whether  the  water 
is  "soft"  (poor  in  lime),  or  "hard"  (rich  in  lime). 

Magnesia  is  determined  by  taking  the  clear  fluid  of  the  above  operation,  after  removing  the 
precipitate  of  lime,  and  adding  to  it  a  solution  of  sodium  phosphate  and  some  ammonia  ^  the 
crystalline  precipitate  which  occurs  is  magnesia. 

_  The  more  feeble  all  these  reactions  wliich  indicate  the  presence  of  sulphuric  acid,  chlorine, 
lime,  and  magnesia  are,  the  better  is  the  water.  In  addition,  good  water  ought  not  to  contain 
more  than  traces  of  nitrates,  nitrites,  or  compounds  of  ammonia,  as  their  presence  indicates  the 
decomposition  of  nitrogenous  organic  substances. 

For  nitric  acid,  take  100  cubic  centimetres  of  water  acidulated  with  two  or  three  drops  of 
concentrated  sulphuric  acid,  add  several  pieces  of  zinc  together  with  a  solution  of  potassium 
iodide,  and  starch  solution — a  blue  colour  indicates  nitric  acid.  The  following  tests  are  very 
delicate  :— (1)  Brncine  test.— Add  to  half  a  drop  of  water  in  a  capsule  two  drops  of  a  watery 
solution  of  Brucinum  sulphuricum,  and  afterwards  several  drops  of  concentrated  sulphuric  acid  ; 
a  rose-red  coloration  indicates  the  presence  of  nitric  acid.  (2)  [Diphenylamine  test. — Pour  a 
thin  layer  of  a  2  per  cent,  solution  of  diphenylamine  in  strong  sulj)huric  acid  on  a  white 
plate.    A  drop  of  water  containing  nitrates  or  nitrites  gives  a  blue  colour.] 

The  presence  of  nitrous  acid  is  ascertained  by  the  blue  coloration  Avhich  results  from  the 
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addition  of  a  solution  of  potassium  iodide,  and  solution  of  starch,  after  the  water  has  been 
acidulated  with  sulphuric  acid.  n  jj-  -u 

Compounds  of  ammonia  are  detected  by  Nessler's  reagent,  which  gives  a  yellow  or  reddish 
coloration  when  a  trace  of  ammonia  is  present  in  water  ;  while  a  large  amount  of  these  com- 
pounds gives  a  brown  precipitate  of  the  iodide  of  mercury  and  ammonia.      .     ^  ,  . 

The  contamination  of  water  by  decomposing  animal  substance  is  determined  by  the  amount 
■of  N  it  contains.  In  most  cases  it  is  sufficient  to  determine  the  amount  of  nitric  acid  present. 
For  this  purpose  we  require  (A)  a  solution  of  1-871  grms.  potassium  nitrate  m  one  litre  distilled 
water— 1  cubic  centimetre  contains  1  milligram  nitric  acid  ;  (B)  a  dilute  solution  of  mdigo, 
which  is  prepared  by  rubbing  together  one  part  of  pulverised  mdigotm  with  six  parts  Hob04, 
and  allowing  the  deposit  to  subside,  when  the  blue  fluid  is  poured  into  forty  times  its  volunie 
of  distilled  water  and  filtered.  This  fluid  is  diluted  with  distilled  water  until  a  layer,  12  to  15 
mm.  in  thickness,  begins  to  be  transparent.  _  ^  -n 

To  test  the  activity  of  B,  place  1  cubic  centimetre  of  A  m  24  cubic  centimetres  water,  add 
:some  common  salt  and  50  cubic  centimetres  concentrated  sulphuric  acid,  and  allow  B  to  flow 
from  a  burette  into  this  mixture  until  a  faint  green  colour  is  obtained.  The  number  of  cubic 
■centimetres  of  B  used  correspond  to  1  milligram  of  nitric  acid.  -,    •  ,    r  a  t 

Twenty-five  cubic  centimetres  of  the  water  to  be  investigated  are  mixed  with  50  cubic  centi- 
metres of  concentrated  H0SO4,  and  titrated  with  B  until  a  green  colour  is  obtained  This  process 
must  be  repeated,  and  on" the  second  occasion  the  solution  B  must  be  allowed  to  flow  in  at  once, 
when  usually  somewhat  more  indigo  solution  is  required  to  obtain  the  green  solution.  I  he 
number  of  cubic  centimetres  of  B  (corresponding  to  the  strength  of  B  as  determined  above) 
indicates  the  amount  of  nitric  acid  present  in  25  c.cmtr.  of  the  water  investigated.  As  much 
as  10  milligrams  nitric  acid  have  been  found  in  spring  water  {Marx,  Trommsdorff). 

Sulphuretted  Hydrogen  is  recognised  by  its  odour ;  also  by  a  piece  of  blotting-paper  moistened 
with  alkaline  solution  of  lead  becoming  brown,  when  it  is  held  over  the  boiling  water.  If  it 
occurs  as  a  comimmd  in  the  water,  sodium  nitro-prusside  gives  a  reddish-violet  colour. 

It  is  of  the  greatest  importance  that  drinking  water  should  he  free  from,  the  presence  0/ organic 
matter  in  a  state  of  decomposition.  Organic  matter  in  a  state  of  decomposition,  and  the 
organisms  therewith  associated,  when  introduced  into  the  body,  may  give  rise  to  fatal  maladies 
/;  q  cholera  and  typhoid  fever.  This  is  the  case  when  the  water-supply  has  been  contaminated 
from  water  which  has  percolated  from  water-closets,  privies,  and  dung-pits.  The  presence  of 
organic  matter  may  he  detected  thus— {I)  A  considerable  amount  of  the  water  is  evaporated  to 
dryness  in  a  porcelain  vessel ;  if  the  residue  be  heated  again  a  brown  or  black  colour  indicates  the 
presence  of  a  considerable  amount  of  organic  matter  ;  and  if  it  contain  N,  there  is  an  odour  ot 
ammonia.  Good  water  treated  in  this  way  gives  only  a  light  brown  stam.  The  presence  of 
micro-organisms  may  be  determined  microscopically  after  evaporating  a  small  quantity  ot  the 
water  on  a  glass  slide.  (2)  The  addition  of  potassio-gold  chloride  to  the  water  gives  a  black 
frothy  precipitate  after  long  standing.  (3)  A  solution  of  potassium  permanganate,  added  to  the 
water  in  a  covered  jar,  gi'adually  becomes  decolorised,  and  a  brownish  precipitate  is  formed.  ^  ^ 

Water  containing  much  organic  matter  should  never  be  used  as  drinking  water,  and  this  is 
especially  the  case  when  there  is  an  epidemic  of  typhoid  fever,  cholera,  or  diarrhoea.  In  all 
such  circumstances,  the  water  ought  to  be  boiled  for  a  long  time,  whereby  the  organic  germs 
are  killed.  The  insipid  taste  of  the  water  after  boiling  may  be  corrected  by  adding  a  little 
sugar  or  lime  juice. 

230.  THE  MAMMARY  GLANDS  AND  MILK.— Milk-Duct.— About  20 
galactoferous  ducts  open  singly  upon  the  surface  of  the  nipple.  Each  of  these, 
just  before  it  opens  on  the  surface,  is  provided  with  an  oval  dilatation— the  sinus 
lacteus.  When  traced  into  the  gland,  the  galactoferous  ducts  divide  like  the 
iDranches  of  a  tree,  and  a  large  branch  of  the  duct  passes  to  each  lobe  of  the 
gland,  all  the  lobes  being  held  together  by  loose  connective-tissue.  Only  during 
lactation  do  all  the  fine  terminations  of  the  ducts  communicate  with  the  globular 
glandular  acini.  Every  gland  acinus  consists  of  a  membrana  propria,  surrounded 
externally  with  a  network  of  branched  connective-tissue  corpuscles,  and  lined 
internally  with  a  somewhat  flattened  polyhedral  layer  of  nucleated  secretory  cells 
(fig.  287).  The  size  of  the  lumen  of  the  acini  depends  upon  the  secretory  activity 
of  the  glands;  when  it  is  large,  it  is  filled  with  milk  containing  numerous 
refractive  fatty  granules.  The  walls  of  the  milk-ducts  consist  of  fibrillar  connective- 
tissue.  Some  fibres  are  arranged  longitudinally,  but  the  chief  mass  are  disposed 
circularly,  and  are  permeated  externally  with  elastic  fibres,  while  in  the  finer 
ducts  there  is  a  membrana  propria  continuous  with  that  of  the  gland  acmi.  The 
ducts  are  lined  by  cylindrical  epithelium. 
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During  the  first  few  days  after  delivery^  the  breasts  secrete  a  small  amount  of 
milk  of  greater  consistence,  and  of  a  yellow  colour — the  colostrum — in  which 
large  cells  filled  with  fatty  granules  occur — the  colostrum-corpuscles  (fig.  289). 
Sometimes  a  nucleus  is  observable  within  them,  and  rarely  they  exhibit  amoeboid 
movements  (fig.  288,  c,  d,  e).  The  regular  secretion  of  milk  begins  after  three  to 
four  days.  It  was  formerly  supposed  that  the  cells  of 
the  acini  underwent  a  fatty  degeneration,  and  thus 
produced  the  fatty  granules  of  the  milk.  It  is  more 
probable,  from  recent  observations,  that  the  cells  of 
the  acini  manufacture  the  fatty  granules,  and  their 
protoplasm  eliminates  them,  at  the  same  time  forming 
the  clear  fluid  part  of  the  milk. 

Changes  in  the  gland  cells  during  Secretion.— 
Pratsch  and  Heidenhain  found  that  the  secretory  cells 
in  the  non-secreting  gland  (fig.  288,  I),  were  flat. 


Fig.  287. 


polyhedral,  and  uni-nucleated,  Avhilst  the  secretmg 
cells  (fig.  288,  II)  often  contained  several  nuclei,  were 
more  albuminous,  higher,  and  cylindrical  in  form. 
The  edge  of  the  cell  directed  towards  the  lumen  of  the 
acinus  undergoes  characteristic  changes  during  secre- 
tion. Fatty  granules  are  formed  in  this  part  of  the  cell,  and  are  afterwards 
extruded.  The  decomposed  portion  of  the  cell  is  dissolved  in  the  milk,  and  the 
fatty  granules  become  free  as  milk-globules  (fig.  288,  II.  a).    If  nuclei  are  present 


Acini  of  the  maramavy  gland 
of  a  slieep  during  lactation. 
a,  membrana  propria;  h, 
secretory  epitliefium. 


Fig.  288. 

1.  Inactive  acinus  of  the  mamma.    II.  During  the  secretion  of  milk — a,  b,  milk-globules  ; 
c,  d,  e,  colostrum  corpuscles  ;  /,  pale  cells  (bitch). 

in  that  part  of  the  ceJl  which  is  broken  up,  they  also  pass  into  the  milk  and  give 
rise  to  the  presence  of  nuclein  in  the  secretion. 

Besides  the  milk -globules  and  colostrum  corpuscles,  Rauber  has  found  leucocytes  undergoing 
fatty  degeneration,  and  single  pale  cells  (/).  Occasionally  milk-globules  are  found  with  traces 
of  the  cell-substance  adhering  to  their  surface  (&). 

Formation  of  Milk. — Concerning  the  formation  of  the  individual  constituents  of  milk,  H. 
Thierfelder,  who  digested  fresh  mammary  glauds  directly  after  death,  found  that  during  the 
digestion  of  the  glands,  at  the  temperature  of  the  body,  a  reducing  substance,  probably  lactose, 
was  formed  by  a  process  of  fermentation.  The  mother  substance  (saccharogen)  is  soluble  in 
Avater,  but  not  in  alcohol  or  ether,  is  not  destroyed  by  boiling,  and  is  not  identical  with  glycogen. 
The  ferment  which  forms  the  lactose  is  connected  with  the  gland-cells — it  does  not  pass  into 
the  milk,  nor  into  a  watery  extract  of  the  gland.  During  the  digestion  of  the  mammary  glands 
at  the  temperature  of  the  body,  casein  is  formed,  probably  from  serum-albumin,  by  a  process 
of  fermentation.    This  ferment  occurs  in  the  milk. 

The  nipple  and  its  areola  are  characterised  by  the  presence  of  pigment — more  abundant 
during  pregnancy — in  the  rete  Malpighii  of  the  skin,  and  by  large  papillee  in  the  cutis  vera. 
Some  of  the  papillee  contain  touch-corpuscles,  Numerous  non-striped  muscular  fibres  surround 
the  milk-ducts  in  the  deep  layers  of  the  skin  and  in  the  subcutaneous  tissue,  which  contains  no 
fat.    These  muscular  fibres  can  be  traced,  following  a  longitudinal  course,  to  the  termination  of 
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the  ducts  on  the  surface.  The  small  glands  of  Montgotnexy,  which  occur  on  the  areola  during 
lactation,  are  just  small  milk-glands,  each  with  a  special  duct  opening  on  the  surface  of  the 
elevation. 

Arteries  proceed  from  several  sources  to  supply  the  mamma,  but  their  branches  do  not 
.accompany  the  milk-ducts  ;  each  gland  acinus  is  surrounded  by  a  network  of  capillaries,  wliich 
communicate  with  those  of  adjoining  acini  by  small  arteries  and  veins.  The  veins  of  the  areola 
are  arranged  in  a  circle  (circulus  Halleri).  The  nerves  are  derived  from  the  supraclavicular, 
and  the  II-IV-VI  intercostals  ;  they  proceed  to  the  skin  over  the  gland,  to  the  very  sensitive 
nipple,  to  the  blood-vessels  and  non-striped  muscle  of  the  nipple,  and  to  the  gland  acini,  where 
their  mode  of  termination  is  still  unknown.  Lymphatics  surround  the  alveoli,  and  they  are 
often  full.  The  milk  appears  to  be  prepared  from  the  lymph  contained  in  the  lymphatics 
surrounding  the  acini. 

Comparative  anatomy  of  the  mamma.— The  rodents,  insectivora,  and  Carnivora  have  10 
to  12  teats,  while  some  of  them  have  only  4,  The  pachydermata  and  ruminantia  have  2  to  4 
abdominal  teats,  the  whale  has  2  near  the  vulva.  The  apes,  bats,  vegetable-feeding  whales, 
elephants,  and  sloths  have  2,  like  man.  In  the  marsupials  the  tubes  are  arranged  in  groups, 
which  open  on  a  patch  of  skin  devoid  of  hair  without  any  nipple.  The  young  animals  remain 
within  the  mother's  pouch,  and  the  milk  is  expelled  into  their  mouths  by  the  action  of  a  muscle 
— the  compressor  mamnise. 

The  development  of  the  human  mamma  begins  in  both  sexes  during  the  third  month  ;  at 
the  fourth  and  fifth  months  a  few  simple  tubular  gland-ducts  are  arranged  radially  around  the 
position  of  the  future  nipple,  which  is  devoid  of  hair.  In  the  new-born  child  the  ducts  are 
branched  twice  or  thrice,  and  are  provided  with  dilated  extremities,  the  future  acini.  Up  to 
the  twelfth  year,  in  both  sexes,  the  ducts  continue  to  divide  dendritically  ;  but  without  any 
proper  acini  being  formed.  In  the  girl  at  puberty,  the  ducts  branch  rapidly  ;  but  the  acini 
are  formed  only  at  the  periphertj  of  the  gland  ;  during  pregnancy,  acini  are  also  formed  in  the 
centre  of  the  gland,  while  the  connective-tissue  at  the  same  time  becomes  somewhat  more 
opened  out.  At  the  climacteric  period,  or  menopause,  all  the  acini  and  numerous  fine  milk- 
ducts  degenerate.  In  the  adult  male,  the  gland  remains  in  the  non-developed  infantile  condition. 
Accessory  or  supernumerary  glands  upon  the  breast  and  abdomen  are  not  uncommon,  sometimes 
the  mamma  occurs  in  the  axilla,  on  the  back,  over  the  acromion  process,  or  on  the  leg,  A 
slight  secretion  of  milk  in  a  newly-born  infant  is  normal. 

During  the  evacuation  of  the  milk  (500-1500  cubic  centimetres  daily),  there  is  not  only  the 
mechanical  action  of  sucking,  but  also  the  activity  of  the  gland  itself  (§  152).  This  consists  in 
the  erection  of  the  nipple,  whereby  its  non-striped  muscular  fibres  compress  the  sinuses  on  the 
milk-ducts,  and  empty  them,  so  that  the  milk  may  flow  out  in  streams.  The  gland  acini  are 
also  excited  to  secretion  reflexly  by  the  stimulation  of  the  sensory  nerves  of  the  nipple  The 
vessels  of  the  gland  are  dilated,  and  there  is  a  copious  transudation  into  the  gland— the 
transuded  fluid  being  manufactured  into  milk  under  the  influence  of  the  secretory  protoplasm. 
The  amount  of  secretion  has  a  relation  to  the  blood-pressure  [Mhrig).  During  sucking,  not  only 
is  the  milk  in  the  gland  extracted,  but  new  milk  is  formed,  owing'to  the  accelerated 'secretion. 
Emotional  disturbances— anger,  fear,  &c.— arrest  the  secretion.  Laffbnt  found  that  stimulation 
of  the  mammary  nerve  (bitch)  caused  erection  of  the  teat,  dilatation  of  the  vessels,  and  secretion 
of  milk.  After  section  of  the  cerebro-spinal  nerves  going  to  the  mamma,  Eckhard  observed  that 
erection  of  the  teat  ceased,  although  the  secretion  of  milk  in  a  goat  was  not  interrupted.  The 
rarely  observed  galactorrhoea  is  perhaps  to  be  regarded  as  a  paralytic  secretion  analogous  to  the 
paralytic  secretion  of  saliva.  Heidenhain  and  Tratsch  found  that  the  secretion  (bitch)  was 
increased  by  injecting  strychnine  or  curare  after  section  of  the  nerves  of  the  gland.  The 
"milk-fever,"  which  accompanies  the  first  secretion  of  milk,  probably  depends  on  stimulation  of 
the  vaso-motor  nerves,  but  this  condition  must  be  studied  in  relation  with  the  other  changes 
which  occur  within  the  pelvic  cavity  after  birth,  [Some  substances,  such  as  atropin,  arrest  the 
secretion  of  milk,] 

231.  MILK  AND  ITS  PEEPARATIONS.— Milk  represents  a  complete  or 
typical  food  in  which  are  present  all  the  constituents  necessary  for  maintaining 
the  life  and  growth  of  the  body  of  an  infant  (§  236).  [It  contains  82-90  per  cent, 
of  water,  and  10-18  per  cent,  of  solids  varying  with  the  animal's  milk  investi- 
gated. In  round  numbers,  the  water  =  87*5,  proteid  =  3-5,  fats  =  4,  sugar  =  5,  and 
ash  =  0'6.  The  solids  of  milk  consist  of  proteids  (chiefly  casein  or  caseinogen), 
fats,  carbohydrates  (lactose),  and  inorganic  salts.]  [If  an  adult  were  to  Hve  on 
milk  alone,  to  get  the  23  oz.  of  dry  solids  necessary,  he  would  have  to  take  9  pints 
of  milk  daily,  which  would  give  far  too  much  water,  fat,  and  proteids.]  To 
every  10  parts  of  proteids  there  are  10  parts  fat  and  20  parts  sugar.  Relatively 
more  of  the  fat  than  the  proteid  of  the  milk  is  absorbed  (i?/i/>??er). 
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Characters. — Milk  is  an  opaque,  bluish- white  fluid,  with  a  sweetish  taste  and  a 
characteristic  odour,  probably  due  to  the  peculiar  volatile  substances  derived  from 
the  cutaneous  secretions  of  the  glands,  and  it  has  a  specific  gravity  of  1026  to  1035. 
When  it  stands  for  a  time,  numerous  milk  globules,  butter  globules  or  cream, 
collect  on  its  surface,  under  which  there  is  a  bluish  watery  fluid.  Human  milk  is 
always  alkaline,  cow's  milk  may  be  alkaline,  acid,  or  amphoteric ;  while  the  milk 
of  Carnivora  is  always  slightly  acid. 

[Quantity  secreted.— A  woman  secretes  800  cc.  to  1  litre  and  a  cow  6-7  litres 
per  day.] 

Milk-Globules. — When  milk  is  examined  microscopically,  it  is  seen  to  con- 
tain numerous  small  highly  refractive  oil-globules  [0-001 5-0 -005  millimetre  in 
diameter],  floating  in  a  clear  fluid— the  milk-plasma  (figs.  288,  a  h,  289)  ;  while 
colostrum  corpuscles  and  epithelium  from 
the  milk-ducts  are  not  so  numerous.  The 
white  colour  and  opacity  of  the  milk  are 
due  to  the  presence  of  the  milk-globules, 
which  reflect  the  light;  the  globules  con- 
sist of  a  fat,  or  butter,  and  are  said  by  some 
to  be  surrounded  with  a  very  thin  envelope 
of  casein  or  haptogen  membrane  [so  that 
milk  is  a  perfect  emulsion.] 

If  acetic  acid  or  liquor  potassse  be  added  to  a 
microscopic  preparation  of  milk,  the  fatty  grainrles 
run  together  to  form  irregular  masses.  If  cow's 
milk  be  shaken  with  caustic  potash,  the  casein 
envelopes  are  dissolved,  and  if  ether  be  added,  the 
milk  becomes  clear  and  transparent,  as  the  ether 
dissolves  out  all  the  fatty  particles  in  the  solution. 
Ether  cannot  extract  the  fat  from  cow's  milk  until 
acetic  acid  or  caustic  potasli  is  added  to  liberate  the 
fats  from  their  envelopes  ;  but  shaking  with  ether 
is  sufficient  to  extract  the  fats  from  human  milk. 
Some  observers  deny  that  an  envelope  of  casein 
exists,  and,  according  to  them,  milk  is  a  simple  emulsion,  kept  emulsionised  owing  to  the  colloid 
swollen-up  casein  in  the  milk-plasma.  The  treatment  of  milk  with  potash  and  ether  makes  the 
casein  unable  any  longer  to  preserve  the  emulsion  {Soxhlet). 

The  fats  of  the  milk-globules  are  the  triglycerides  of  stearic,  palmitic,  oleic 
acids ;  very  little  myristic,  arachic  (butinic),  capric,  caprylic,  caproic,  and  butyric 
acids,  with  traces  of  acetic  and  formic  acids  and  Cholesterin. 

[The  fats  of  milk  exist  in  an  emulsified  condition,  but  even  the  finest  milk- 
globules  are  much  larger  than  the  so-called  molecular  granules  of  chyle.  The  fats 
of  milk  are  all  animal  fats,  a  mixture  of  olein,  stearin,  and  palmitin,  small 
quantities  of  capronin,  and  butyrin  (tri-glycerides  of  caproic  acid  H;^2  ^^^^ 
butyric  acid  C4  Hg  O2).  Their  melting  point  is  between  31  and  33°  C.  According 
to  Lebedeff",  human  milk  contains  twice  as  much  olein  as  palmitin  and  stearin, 
while  in  cow's  milk  they  are  about  equal.  Butyrin  and  capronin  make  up  about 
of  the  fats  of  milk  {Münk).'] 

Butter. — When  milk  is  beaten  or  stirred  for  a  long  time  (*.<?.,  churned),  the  fat  of  the  milk- 
globules  is  ultimately  obtained  in  the  form  of  butter,  owing  to  the  rupture  of  the  envelopes  of 
casein.  Butter  is  soluble  in  alcohol  and  ether,  and  it  is  clarified  by  heat  (60°  C),  or  by  washing 
in  water  at  40°  C.  When  allowed  to  stand  exposed  to  the  air,  it  first  becomes  sour,  owing  to 
the  formation  of  lactic  acid,  and  afterwards  rancid,  owing  to  the  glycerin  of  the  neutral  fats 
being  decomposed  by  fungi  into  acrolein  and  formic  acid,  while  the  volatile  fatty  acids  give  it 
its  rancid  odour. 

The  milk-plasma  is  a  clear,  slightly  opalescent  fluid,  and  contains  casein 
(§  249,  III.  3) — the  chief  proteid  of  milk — some  lact-albumin  (§  32),  small 
quantity  of  nuclein,  and  a  trace  of  diastatic  ferment  (in  human  milk). 


Fig.  289. 

Microscopic  appearance  of  milk,  (M)  upper 
half,  and  colostrum  (C)  lower  half. 
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Tlie  presence  of  other  peculiar  chemical  bodies,  e.g.,  lactoproteiu,  globulin,  albiimose,  galactin, 
&c,,  is  disputed  by  some  chemists,  Sebelien  distinguishes  besides  the  above  proteids  lacto- 
globulin. 

[Proteids  of  Milk. — There  are  two  proteids  in  milk,  one  usually  called  casein, 
but  which  Halliburton  proposes  to  call  caseinogen  (p.  299)  ;  this  is  the  chief 
proteid  and  coagulates  on  the  addition  of  rennet.  The  other  is  present  in  small 
amount  and  resembles  serum-albumin  in  some  characters,  and  is  called  lact- 
albumin.] 

[Caseinogen  may  be  precipitated  by  the  addition  of  acids,  or  by  saturating  the 
milk  with  neutral  salts,  or,  better  still,  by  a  combination  of  both  methods.  It  is 
immediately  clotted  at  40°  by  rennet,  but  if  it  be  washed  to  free  it  of  all  calcic 
phosphate,  clotting  does  not  then  take  place.  Caseinogen  is  usually  stated  to 
resemble  alkali-alljumin,  but  the  latter  does  not  clot  with  rennin.  In  its 
behaviour  towards  neutral  salts  caseinogen  behaves  like  a  globulin.] 

[Casein. — This  name  is  restricted  by  Halliburton  to  the  proteid  formed  by  the 
action  of  rennin  on  caseinogen.  It  is  insoluble  in  the  whey,  and  is  the  chief  con- 
stituent of  cheese.    Foster  calls  the  coagulated  casein  tyrein.] 

[Lact-albumin  remains  in  solution  after  precipitation  of  caseinogen  by  MgSO^ . 
It  coagulates  at  70°-80°C,  and  is  not  separable  by  fractional  heat-coagulation  into 
several  albumins.] 

[Lacto-globulin  is  absent  in  normal  milk  although  it  is  present  in  colostrum.] 
[Proteoses  and  peptones  are  absent  {Halliburton).} 

A'\^ien  milk  is  boiled  the  albumin  coagulates,  while  the  surface  also  becomes 
covered  with  a  thin  scum  or  layer  of  casein,  which  has  become  insoluble  [the  rest 
of  the  milk  remaining  fluid.  The  scum  is  in  part,  perhaps,  lact-albumin  with 
altered  caseinogen  and  some  fat.] 

Casein. — When  milk  is  filtered  through  fresh  animal  membranes  or  through  a  clay  filter  [i.e., 
through  a  porous  clay  cell  under  pressure],  the  casein  does  not  pass  through.  [This  shows  that 
the  casein  is  not  in  a  state  of  true  solution  in  the  milk-plasma.]  Precipitation.  —  It  is  precipi- 
tated by  adding  crystals  of  MgS04  to  saturation.  [If  to  milk  twice  its  volume  of  a  saturated 
solution  of  NaCl  and  crystals  of  NaCl  be  added,  and  the  whole  shaken  thoroughly,  casein  is 
precipitated,  and  carries  down  with  it  fat,  so  that  the  clear  filtrate  contains  the  lactose,  salts, 
and  coagulable  proteids.] 

The  plasma  contains  milk-sugar  (§  252)  [which  differs  from  dextrose  chiefly  in 
its  much  less  solubility  in  water  and  alcohol,  and  its  much  less  tendency  to 
crystallise.  J^or  does  it  undergo  the  alcoholic  fermentation  directly] ;  a  carbohy- 
drate resembling  dextrin,  (?  lactic  acid),  lecithin,  urea,  extractives,  kreatin,  sarkin, 
(potassic  sulphocyanide  in  cow's  milk),  sodic  and  potassic  chlorides,  alkaline 
phosphates,  calcium  and  magnesium  sulphates,  alkaline  carbonates,  traces  of  iron, 
fluorine,  and  silica ;  C0^„  IST,  and  0. 

The  coagulation  of  milk  depends  upon  the  coagulation  of  its  casein,  or,  as  it  is  called,  caseinogen. 
In  milk,  caseinogen  is  combined  with  calcium  phosphate,  which  keeps  it  in  solution  ;  acids 
which  act  on  the  calcium  phosphate  cause  coagulation  of  the  caseinogen  (acetic  and  tartaric 
acids  in  excess  redissolve  it).  All  acids  do  not  coagulate  human  milk.  It  is  coagulated  by 
two  or  more  drops  of  hydrochloric  acid  (0"1  per  cent.)  or  acetic  acid  (0*2  per  cent.).  The 
spontaneous  coagulation  of  milk  after  it  has  stood  for  a  time,  especially  in  a  warm  place,  is 
due  to  the  production  of  lactic  acid,  which  is  formed  from  the  milk-sugar  in  the  milk  by  the 
action  of  bacillus  acidi  lactici  [which  is  introduced  from  without]  (§  184,  I.).  It  changes  the 
neutral  alkaline  phosphate  into  the  acid  phosphate,  takes  the  casein  from  the  calcium  phos- 
phate, and  precipitates  the  casein.    The  sugar  is  decomposed  into  lactic  acid  and  CO.2. 

Souring  of  Milk. — When  milk  is  exposed  to  the  air  for  a  time — varying  with  the  temperature 
—  it  first  becomes  neutral,  and  then  gradually  acid  ;  but  for  a  time  it  remains  fluid,  even 
although  acid.  The  acidity  steadily  increases,  and  after  a  certain  degree  of  acidity  the  milk 
thickens,  and  finally  a  jelly-like  mass  is  formed.  This  clot  gradually  shrinks — not  unlike  a  blood 
clot — and  squeezes  out  a  small  quantity  of  fluid,  the  milk-serum. 

Rennet  or  rennin  (§  250,  9,  d,  §  166,  II.)  coagulates  milk  with  an  alkaline  reaction  (sweet 
whey).  This  ferment  decomposes  the  caseinogen  into  the  precipitated  cheese  (casein)  and  also 
into  the  slightly  soluble  whey-albumin,  so  that  the  coagulation  by  rennet  is  a  process  quite 
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distinct  from  the  coagulation  of  milk  by  the  gastric  and  V^l'''^^'^}^^^^ 

precipitation  produced  by  acids.    The  presence  of  calcium  phosphate  seems  to  be  necessoiy 

^S^:^.  Uttle  mUk  to  40=  C  and  add  a  few  drops  of 
.oTZZ^nXsetii.,  aside  the  mixture  in  a  warm  place  ;  a  solid  coag.üum  -  ormed 
and  by  and  by  the  whey  separates  from  it.    If  the  milk  be  previously  diluted  with  watei,  no 
coaguhim  is  formed  ;  and  if  the  rennet  be  boiled  before  it   ike  other  ^^^^'J^^^^^^^ 
solution  of  rennet  may  be  prepared  by  extracting  the  fourth  stomach  of  the  calt  witli  glycerin, 
fwtrt^  obtain  the  curd,  consisting  of  casein  with  some  milk-globules 

entangled  iiltl  the  Sy  contains  some  soluble  albumin  and  fat,  and  the  great  proportion  of 

''[Äe  Jnflu^nS  ^Ä^L^ens^of  ;;r^ krment  the  casein  of  n.ilk  may  not  undergo  a 
.oLl'plte^\":t^^^^^ 

certain  chemical  qualities  of  the  casein  being  altei-ed,  the  milk  itself,  ^« .^^«f.^f^^^"^^^^^  ''^^^^^ 
eye  characteristici  are  concerned,  being  apparently  unacted  ^^P^>^\^y/^^  ^^^"f^^^d^  ^''l 
■changes  which  the  casein  undergoes  in  these  cireumstances  are  that  ^.^^ecomes  p  ec  pita^^^^ 
lowe?  percentage  of  neutral  salts  or  of  free  acid  ;  whereas,  under  ^^m^Y^^^^^^Y"^^^^^^^^^^ 

no  ipnaration  of  casein  bv  adding  an  equal  bulk  of  saturated  solution  ot  sodium  cmoiiae  to 
min?(tirbS;ig?eqXLt:s 

abundant  separation  of  this  changed  casein  occurs.  With  hydrochloric  ^'^^^'^ f  f^^f^^^J^^^'^^^^^^ 
necessary  to  precipitate  the  casein  in  milk  ^^1^  f^rm    curd  when  the  milk  h^^^^^^ 
to  such  weak  rennet  ferment.    One  more  point  is  of  interest,  and  that  *J  f  ^^^l'^^' 

changed  will  coagulate  on  boiling,  but  for  certain  reasons  this  is  not  so  satisfactory  a  test  of  the 

possessing  a  rennet  ferment.    Yerv  strong 
specimens  d^^  this  °act ion,  probably  because  the  proteolytic  action  -^f-,^^  '  J^^Vth 

strong  will  give  the  above-mentioned  characteristics  though  tl^^'e  may  be  i  o  clottuig  ^ 
milk  as  a  whole.    This  power  of  the  milk  of  becoming  coagulated  on  boiling  al^^^^  tieat 
ment  with  pancreatic  extracts  was  described  first  by  Roberts  as  the  metacasem  reaction  (/.  S. 

^tSlk-coagulating  ferment  is  found  in  certain  plants  (artichokes,  figs,  Carica  Way  a)  and 
causes  milk  to  coagulate  in  neutral  or  alkaline  solutions.  It  is  also  found  m  the  small  mte  tine 
ofThe  calfrwbilea^ö  per  cent.  NaCl  solution  of  the  seeds  of  JVitkama  coagidans  coagulates 

milk  in  an  alkaline  medium.]  i  •  4-  ^   i -^   o-,i-.tnmn-fl  ^^alirvHc 

Boiling  (by  killing  all  the  lower  organisms),  sodium  bicarbonate  (xöVtj),  '^'Ä' 
acid  (^,C)  glycerinfand  ethereal  oil  of  mustard  prevent  the  spontaneous  coagulation.  Fies 
nSk  mSs  tincture  of  guaiacum  blue,  but  boiled  milk  does  not  do  so._  When  milk  l  exp^^^^^^ 
to  the  air  for  a  long  time,  it  gives  off  CO,  and  absorbs  0  ;  the  fats  are  ^crea  e  l  ?  owing  to  the 
development  of  fungi  in  the  milk),  and  so  are  the  alcoholic  and  ethereal  ^^^^^^f  ^^^^^^^f  ^^^^ 
composition  of  the  casein.  According  to  Schmidt-Mülheim,  some  of  the  casein  becomes  con- 
verted into  peptone,  but  this  occurs  only  in  unboiled  milk. 
Composition. — 100  parts  of  milk  contain — 

Human.  Co^v.  Goat  Ass 

Water      .       .       •       87-24  to  90-58  ««-«-^  89^1 


Solids,      .       .       .         9-42  ,,  12' 


1 1-90  to  2-36 1 


Casein,.       .       ..       2-91  „    3-92 1  ^  ...  .   ..o.  J   3-23  f^d  i  3.5 


Cow. 

Goat. 

86-23 

86-85 

13-77 

13-52 

3-23 

2-53 

0-50 

1-26 

4-50 

4-34 

4-93 

3-78 

0-61 

0-65 

10-99 


Albumin,  J  I  "I'll  ,.0. 

Butter,.       .       .         2-67,,    4-30         *  4-50  4  34  1  85 

Milk-sugar,    .        .         3-15,,    6-09  4-93  3  /8  )  5-05 

Salts,    !       .       .         0-14  ,,    0-28  0-61  0  65  j 

rCow'si'.  Human  Milk. -The  milk  of  the  ass  most  closely  resembles  human  milk,  only  the 
former  contains  much  less  fat.  Cow's  milk  is  I  richer  in  proteids  but  poorer  ^  «^£1;-  JT 
addino-  1  vol.  of  water  and  sugar  cow's  milk  can  be  made  to  resemble  human  milk.  Hunaan  milK 
contains  a  very  small  amount  of  inorganic  salts,  its  milk  g^f  ^^^^  ^^'^r^l^p^^^  ^^^^^  -  f 
qualitative  ditierences  in  its  coagulated  casein  as  compared  with  cow  s  milk.  Covv  s  «1  \y;^|a^« 
a  dense  curd,  while  the  curd  of  human  milk  falls  in  a  more  tiocculent  condition;  moreoyei  human 
milk  is  more  easily  digested  both  by  normal  and  artificial  gastric  juice  than  cow  s  milk.  J 

[The  following  table  shows  the  difference  in  composition  between  colostrum,  (1-5  days  aitei 


In  100  parts. 

Water. ; 

Proteids. 

Fats. 

Sugar. 

Salts. 

Colostrum,  .... 



86-4 

5-3 

3-4 

4-5 

0-4 

Milk,  

87-8 

2-5 

3-9 

5-5 

0-3 
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Colostrum,  therefore,  is  richer  in  solids,  and  the  latter  consist  chiefly  of  albumin,  and  but 
little  casein.  The  casein  gradually  increases  at  the  expense  of  the  albumin,  and  on  the  7th 
day  there  is  chiefly  casein  and  little  albumin.    Colostrum  contains  less  sugar.] 

Gases.— Pflüger  and  Setschenow  found  in  100  vols,  of  milk  5-01  to  7-60  COg  ;  0*09  to  0-.32  0  • 
^ "  Q  1?*  ^  '^^1,  ^'  ^^^^^'^'"g  to  volume.    Only  part  of  the  CO^  is  expelled  by  phosphoric  acid.  ' 

baits.  ^The  potash  salts  (as  in  blood-corpuscles  and  muscle  are  more  abundant  than  the  soda 
compounds,  while  there  is  a  considerable  amount  of  calcium  phosphate,  which  is  necessarv  for 
forming  the  hones  of  the  infant.  Wildenstein  found  in  100  parts  of  the  ash  of  human  milk— 
sodium  chloride,  1073;  potassium  chloride,  26-33;  potasli,  21-44;  lime,  1878;  magnesia 
0-87  ;  phosphoric  acid,  19  ;  ferric  phosphate,  0-21  ;  sulphuric  acid,  2-64;  silica,  traces  The 
amount  of  salts  present  is  aff'ected  by  the  salts  of  the  food. 

[Bunge  gives  the  following  table  of  the  composition  of  the  salts  of  milk  :— 


In  1000  parts. 

Potash. 

Soda. 

Calcium. 

Magnesia. 

Iron  oxide. 

Phosphoric 
Acid. 

Chlorine. 

Woman's  milk, 
Cow's  milk,  . 

0-  7 

1-  8 

0-  3 

1-  1 

0-  3 

1-  6 

0-1 

0-2 

0-006 
0-004 

0-5 
2-0 

0-4 
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Conditions  Influencing  the  Composition  of  Milk.— The  offener  the  breasts  are  emptied,  the 
richer  the  milk  becomes  m  casein.  The  last  milk  obtained  at  any  time  ["  strippint/s  "]  is  always 
richer  m  butter,  as  it  comes  from  the  most  distant  part  of  the  gland— viz.,  the^acini.  Some 
substances  are  diminished  and  others  increased  in  amount,  according  to  the  time  after  delivery 
Ihe  tollowing  are  increased  :— Until  the  2nd  month  after  delivery,  casein  and  fat  ;  until  the 
5th  month,  the  salts  (which  diminish  progressively  from  this  time  onwards)  ;  from  the  8th  to 
the  10th  month,  the  sugar.  The  following  are  diminished  :—ixom  10th  to  24th  month,  casein  • 
from  5th  to  6th  and  10th  to  11th  month,  fat;  during  Lst  month,  the  sugar;  from  the  5th 
month,  the  salts. 

The  greater  amount  of  milk  that  is  secreted  (woman),  the  more  casein  and  sugar,  and  the 
less  butter  It  contains.  The  milk  of  a  primipara  is  less  watery.  Eich  feeding,  especially  Pro- 
teids (small  amount  of  vegetable  food),  increases  the  amount  of  milk  and  the  casein,  sugar  and 
tat  m  It ;  a  large  amount  of  carbohydrates  (not  fats)  increases  the  amount  of  feugar  ' 

Modifying  Conditions.— That  cows  milk  is  influenced  by  the  pasture  and  food  is  well  known 
i  urnip  as  food  gives  a  peculiar  odour,  taste,  and  flavour  to  milk,  and  so  do  the  fragrant  gi-asses 
ihe  mental  state  ot  the  nurse  influences  the  quantity  and  quality  of  the  milk.  Jaborandi  is 
the  nearest  approach  to  a  galactagogue,  but  its  action  is  temporary.  Atropin  is  a  true  anti- 
galactagogue.  The  composition  of  the  milk  may  be  aflected  by  using  fatty  food,  by  the  use  of 
salts,  and  above  all  by  the  diet  {Dolan).  ^  j 

[Milk  may  be  a  vehicle  for  communicating  disease— by  direct  contamination  from  the  water 
used  for  adulterating  it  or  cleansing  the  vessels  in  which  it  is  kept ;  by  the  milk  absorbing 
deleterious  gases  ;  by  the  secretion  being  altered  in  diseased  animals.]  Milk  ou^ht  not  to  be 
kept  in  zinc  vessels,  owing  to  the  formation  of  zinc  lactate. 

Substitutes  for  Milk.— If  other  than  human  milk  has  to  be  used,  ass's  milk  most  closely 
resembles  human  milk.  Cow's  milk  is  best  when  it  contains  plenty  of  fatty  matters— it  must 
be  diluted  with  its  own  volume  of  water  at  first  and  a  little  milk-sugar  added.  The  casein  of 
cow  s  milk  diff"ers  qualitatively  from  that  of  human  milk  ;  its  coagulated  flocculi  or  curd  are 
much  coarser  than  the  fine  curd  of  human  milk,  and  they  are  only  f  dissolved  by  the  dic^estive 
juices,  while  human  milk  is  completely  dissolved.  Cow's  milk  whfen  boiled  is  less  dig°estible 
than  unboiled  milk. 

Testsfor  Milk.— The  amount  of  cream  is  estimated  by  placing  the  milk  for  twenty-four 
hours  111  a  tall  cylindrical  glass  graduated  into  a  hundred  parts,  or  creamometer  ;  the  cream 
collects  on  the  surface,  and  ought  to  form  from  10  to  24  vols,  per  cent.  [The  cream  is  gene^ 
r  l^fm  ^^^-^  "^^'^  specific  gravity  (fresh  cow's  milk  1029  to  1034  ;  when  creamed,  1032 
to  1040)— IS  estimated  with  the  lactometer  at  15°  C.  The  sugar  is  estimated  by  titration  with 
J^ehlings  solution  (§  150,  II.),  but  in  this  case  1  cubic  centimetre  of  the  solution  corresponds 
to  0-06/  gnn.  of  milk-sugar  ;  or  its  amount  may  be  estimated  by  means  of  the  saccharimeter 

150  .  Proteids  are  precipitated  and  the  fats  extracted  with  ether.  The  fats  in  fresh  milk 
torni  about  3  per  cent.,  and  in  skimmed  milk  H  per  cent.  The  amount  of  water  in  relation 
«  J  u  is  estimated  by  the  lactoscope  or  the  diaphanometer  of  Donne  (modi- 

tied  by  Vogel  anu  Hoppe-Seyler),  which  consists  of  a  glass  vessel  with  plane  parallel  sides  placed 
1  centimetre  apart.  A  measured  quantity  of  milk  is  taken,  and  water  is  added  to  it  from  a 
burette  until  the  outline  of  a  candle  flame  placed  at  a  distance  of  1  metre  can  be  distinctly  seen 
througji  the  dilutea  milk.  This  is  done  in  a  dark  room.  For  1  cubic  centimetre  of  good  cow's 
milk,  /O  to  85  centimetres  water  are  required.    [Other  forms  of  lactoscope  are  used,  all  depend- 
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ing  on  the  same  principle  of  an  optical  test,  viz.,  that  the  opacity  of  milk  varies  with  and  is 
proportional  to  the  amount  of  butter-fats  present,  i.e.,  the  oil-globules.  Bond  uses  a  shallow 
cylindrical  vessel  with  the  bottom  covered  by  black  lines  on  a  white  surface.  A  measured 
quantity  of  water  is  placed  in  this  vessel,  and  milk  is  added  drop  by  drop,  until  the  parallel 
lines  on  the  pattern  at  the  bottom  of  the  dish  cease  to  be  visible.  On  counting  the  number  of 
drops  a  table  accompanying  the  appliance  gives  the  percentage  of  fats.  This  method  gives 
approximate  results.    In  all  cases  it  is  well  to  use  fresh  milk.] 

Various  substances  pass  into  the  milk  ivhcn  they  are  administered  to  the  mother — many  odori- 
ferous vegetable  bodies,  e.g.,  anise,  vermuth,  garlic,  &c.  ;  chloral,  rhubarb,  opium,  indigo, 
salicylic  acid,  iodine,  iron,  zinc,  mercury,  lead,  bismuth,  antimony.  In  osteomalacia  the 
amount  of  lime  in  the  milk  is  increased  {Gusseroio).  Potassium  iodide  diminishes  the  secretion 
of  milk  by  affecting  the  secretory  function.  Amongst  abnormal  constituents  are — hfenioglobin, 
bile-pigments,  mucin,  blood-corpuscles,  pus,  fibrin.  Numerous  fungi  and  other  low  organisms 
develop  in  evacuated  milk,  and  the  rare  blue  milk  is  due  to  the  development  of  bacillus 
cyanogeneum.  The  milk-serum  is  blue,  not  the  fungus.  Blue  milk  is  unhealthy,  and  causes 
diarrhoea.  There  are  fungi  which  make  milk  bluish-black  or  green.  Red  and  yellow  milk  are 
produced  by  a  similar  action  of  chromogenic  fungi  (§  184).  The  former  is  produced  by  Micro- 
coccus prodigiosus,  which  is  colourless.  The  colour  seems  to  be  due  to  fuchsin.  The  yellow 
colour  is  produced  by  bacillus  synxanthus.  Some  of  the  pigments  seem  to  be  related  to  the 
aniline-,  and  others  to  the  phenol-colouring  matters  {Hilppe). 

The  rennet-like  action  of  bacteria  is  a  widely  diffused  property  of  these  organisms  ;  they 
coagulate  and  peptonise  casein,  and  may  ultimately  produce  further  decompositions.  The 
butyric  acid  bacillus  (§  184)  first  coagulates  casein,  then  peptonises  it,  and  finally  splits  it  up, 
with  the  evolution  of  ammonia  [Uilppe). 

Milk  becomes  stringij  oAving  to  the  action  of  cocci  which  form  a  stringy  substance  \_=^dextran, 
CioHjqOio  {Scheibler)'],  just  as  beer  or  wine  undergoes  a  similar  or  ropy  change.  [The  milk  of 
diseased  animals  may  contain  or  transmit  directly  infectious  matter.] 

Preparations  of  Milk.— (1)  Condensed  Milk.— 80  grms.  cane-sugar  are  added  to  1  litre  of 
milk  ;  the  whole  is  evaporated  to  A  ;  and  while  hot  sealed  up  in  tin  cans.  For  children  one 
teaspoonful  is  dissolved  in  a  pint  of  cold  water,  and  then  boiled. 

(2)  Koumiss  is  prepared  by  the  Tartars  from  mare's  milk.  After  the  addition  of  koumiss 
and  sour  milk,  the  whole  is  violently  stirred,  and  it  undergoes  the  alcoholic  fermentation, 
whereby  the  milk-sugar  is  first  changed  into  galactose,  and  then  into  alcohol  ;  so  that  koumiss 
contains  2  to  3  per  cent,  of  alcohol  ;  while  the  casein  is  at  first  precipitated,  but  is  afterwards 
partly  redissolved  and  changed  into  acid-albumin  and  peptone.  Tartar  koumiss  seems  to  be 
produced  by  the  action  of  a  special  bacterium  (Diaspora  caucasia). 

[How  is  Milk  formed  ? — It  is  obvious  from  its  chemical  composition  that  milk  is 
not  a  simple  transudation  from  the  blood,  for  casein  and  lactose  occur  in  it  in  large 
amount,  and  neither  of  these  is  present  in  the  blood ;  moreover,  there  is  much  fat, 
which  occurs  only  in  small  amount  in  the  blood.  Lastly,  the  ash  of  milk  is 
quantitatively  different  from  the  ash  of  blood-plasma.  Milk,  therefore,  is  a 
chemical  product,  due  to  the  secretory  activity  of  the  cells  of  the  mammary 
glands,  which  find  only  the  raw  material  in  the  blood,  and  from  this,  bj  their  own 
subtle  chemistry,  manufacture  the  specific  products  of  the  milk.] 

[Source  of  the  Fats. — plentiful  supply  of  proteid  food  increases  the  amount  of 
milk  and  its  specific  constituents,  but  most  of  all  it  increases  its  richness  in  fats. 
It  seems  clear  that  the  fats  of  milk  are  not  derived  from  the  fats  taken  with  the 
food,  but  are  obtained  from  the  splitting  up  of  proteid  molecules,  and  we  know 
that  albumin  does  split  up  under  certain  conditions  into  a  nitrogenous  and  a  non- 
nitrogenous  molecule.  Further,  in  a  bitch  fed  on  pure  flesh  diet,  the  milk 
contains  a  very  large  amount  of  fat.] 

[The  addition  of  fat  to  the  food  rather  diminishes  than  increases  the  fats  of  the 
milk,  if  there  be  not  simultaneously  sufficient  proteids  in  the  food.] 

[Source  of  the  Sugar. — The  carbohydrates  of  the  food  have  no  effect  on  the 
amount  of  sugar  in  the  milk,  and  even  in  herbivora  there  is  no  special  effect 
ta  be  noted.  The  greatest  part  of  the  sugar  is  also  derived  from  the  proteids,  for 
bitches  fed  on  an  exclusively  animal  diet  (flesh)  yield  a  considerable  amount  of 
sugar.] 

[Source  of  Casein. — This  seems  to  be  derived  from  the  proteids  of  the  blood  and 
lymph.] 
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[To  increase  the  quantity  of  milk,  therefore,  proteid  food  must  be  given.] 

[Margarine  or  artificial  butter, — The  best  form  is  beef  fat  freed  from  its  stearin  and 
mixed  with  milk  or  genuine  butter-colouring  and  flavouring  ingredients.  If  prepared  from 
wholesome  pure  animal  fats,  it  has  a  nutritive  value  little  inferior  to  butter,  but  it  seems  to 
be  less  assimilable  than  butter.  ] 

(3)  Cheese  is  prepared  by  coagulating  milk  with  rennet,  allowing  the  whey  to 
separate,  and  adding  salt  to  the  curd.  When  kept  for  a  long  time  cheese  "  ripens," 
the  casein  again  becomes  soluble  in  Avater,  probably  from  the  formation  of  soda 
albuminate ;  in  many  cases  it  becomes  semi-fluid,  when  it  takes  the  characters  of 
peptones.  When  further  decomposition  occurs,  leucin  and  tyrosin  are  formed. 
[The  word  tyrosin  is  derived  from  Tvpo?,  cheese.]  The  fats  increase  at  the 
expense  of  the  casein,  and  they  again  undergo  further  change,  the  volatile  fatty 
acids  giving  the  characteristic  odour. 

The  formation  of  peptone,  leucin,  tyrosin,  and  the  decomposition  of  fat  recall  the  digestive 
processes.  [Cheese  is  coagulated  casein,  entangling  more  or  less  fat,  so  that  the  richness  of  the 
cheese  will  depend  upon  the  kind  of  milk  from  which  it  is  made.  There  are,  in  this  sense, 
three  kinds  of  cheese,  whole  milk,  skim  milk,  and  cream  cheese,  the  last  being  represented  by 
Stilton,  Roquefort,  Cheshire,  &c.  The  composition  is  shown  in  the  following  table  after 
Bauer  :  — 


Water. 

Nitrogenous 
Matter. 

Fat. 

Extractives. 

Asli. 

Cream  cheese, 

35-75 

7-16 

30-43 

2-53 

4-13 

AVhole  milk,  . 

46-82 

27-62 

20-54 

2-97 

3-05 

Skim  milk, 

48-02 

32-65 

8-41 

6-80 

4-12 

Cream  cheese,  especially  if  it  be  made  from  the  goat's  milk,  acquires  a  very  high  odour  and 
strong  flavour  when  it  is  kept  and  "  ripens "  ;  the  casein  is  partly  decomposed  to  yield 
ammonia  and  ammonium  sulphide,  while  the  fats  yield  butyric,  caproic,  and  other  acids.] 

232.  EG-GrS  must  be  regarded  as  a  complete  food,  as  the  organism  of  the  young 
chick  is  developed  from  them.  The  yolk  contains  a  characteristic  proteid  body — 
vitellin  (§  249),  and  an  albuminate  in  the  envelopes  of  the  yellow  yolk  spheres — 
nuclein,  from  the  white  yolk  ;  fats  in  the  yellow  yolk  (palmitin,  olein),  Cholesterin, 
much  lecithin,  and  as  its  decomposition-product,  glycerin-phosphoric  acid ;  grape- 
sugar,  pigments  (lutein),  and  a  body  containing  iron  and  related  to  hsemoglobin  ; 
lastly,  scdts  qualitatively  the  same  as  in  blood — quantitatively  as  in  the  blood-cor- 
puscles—d^Vidi  gases.  The  chief  constituent  of  the  white  of  egg  is  egg-albumin 
(§  249),  together  with  a  small  amount  of  palmitin  and  olein  partly  saponified  with 
soda  ;  grape-sugar,  extractives  ;  lastly  salts,  qualitatively  resembling  those  of  blood, 
but  quantitatively  like  those  of  serum,  and  a  trace,  of  fluorine.  Relatively  more  of 
the  nitrogenous  constituents  than  of  the  fatty  constituents  of  eggs  are  absorbed 
{Rubner).    [Considered  as  a  food,  eggs  are  obviously  deficient  in  carbohydrates.] 

[The  shell  is  composed  chiefly  of  mineral  matter  (91  per  cent,  of  calcic  carbonate,  6  per  cent, 
of  calcic  phosphate,  and  3  per  cent,  of  organic  matter).    A  hen's  egg  weighs  about  1|  oz. ,  of 
which  the  shell  forms  about  y^^.    Note  the  amount  of  fats  in  the  yolk.] 
Composition : — 

  Wliite  of  Egg.  Yollv. 

Mineral  matter,  .  1-2  1-4 
Pigment  extractives,        ...  2-1 


Wliite  of  Egg.  Yolk. 
Water,.       .       .       84-8  bl'i 


Proteids,  .  .  12-0  15-0 
Fats,  &c.,     .       .         2-0  30-0 

233.  FLESH  AND  ITS  PREPARATIONS.— Flesh,  in  the  form  in  which  it 
is  eaten,  contains,  in  addition  to  the  muscle -substance  proper,  more  or  less  of  the 
elements  of  fat,  connective-  and  elastic-tissue  mixed  with  it  (§  293).  The  following 
results  refer  to  flesh  freed  as  much  as  possible  from  those  constituents.    The  chief 
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proteid  constituent  of  tlie  contractile  muscular  substance  is  myosin  ;  serum-aUmm  in 
occurs  in  the  fluid  of  the  fibres,  in  the  lymph  and  blood  of  muscle.  The  fats  are 
for  the  most  part  derived  from  the  interfascicular  fat-cells,  while  lecitliin  and  Chole- 
sterin come  from  the  nerves  of  the  muscles  ;  the  gelatin  is  derived  from  the  connec- 
tive-tissue of  the  perimysium,  perineurium,  and  the  Avails  of  blood-vessels  and 
tendons.  The  red  colour  of  the  flesh  is  due  to  the  haemoglobin  present  in  the 
sarcous  substance,  but  in  some  muscles,  e.fj.,  the  heart,  there  is  a  special  pigment, 
myoh^matin  {MacMunn),  [although  the  latter  statement  is  denied  by  Hoppe- 
Seyler.]  Elastin  occurs  in  the  sarcolemma,  neurilemma,  and  in  the  elastic  fibres 
of  the  perimysium  and  walls  of  the  vessels  ;  the  small  amount  of  keratin  is 
derived  from  the  endothelium  of  the  vessels.  The  chief  muscular  substance, 
the  result  of  the  retrogressive  metabohsm  of  the  sarcous  substance,  is  kreatin 
( -  0-05  per  cent.) ;  krecdinin,  sometimes'  inosinic  acid,  then  lactic,  or  rather 
sarcolactic  acid  (§  293).  Further,  tauriri,  sarkin,  xanthin,  uric  acid,  carnin,  inosit 
(most  abundant  in  the  muscles  of  drunkards),  urea  (O'l  per  cent,  [but  in  the  dog-fish 
1-95  per  cent.]),  dextrin  (in  horse  and  rabbit,  not  constant) ;  gmpe-sufjar,  but  this 
is  very  probably  derived  post-mortem  from  glycogen  (0-43  per  cent.),  which  occurs 
in  considerable  amount  in  foetal  muscles  ;  lastly,  volatile  fatty  acids.  Amongst 
the  salts,  potash  and  phosphoric  acid  compounds  are  most  abundant ;  magnesium 
phosphate  exceeds  calcium  phosphate  in  amount.  [The  composition  varies  some- 
what even  in  difl'erent  muscles  of  the  same  animal] 


In  100  parts  Flesh  there  are,  according  to  Schlossberger  and  v.  Bibra— 


ox. 

Calf. 

Deer. 

Pig. 

Man. 

Fowl. 

Call). 

Frog.  1 

Water, 

77-50 

78-20 

74-63 

78 

30 

74-45 

77-30 

79-78 

80-43 

Solids, 

22-50 

21  -80 

25-37 

21 

70 

25-55 

22-7 

20-22 

19-57 

Soluble  albumin, 
Colouring  matter,  . 

j  2-20 

2-60 

1-94 

2 

40 

1-93 

3-0  I 

2-35 

1-86 

Glutin,  . 

1-30 

1-60 

0-50 

0 

-80 

2-07 

1-2 

1-98 

2-48 

Alcoholic  extract,  . 

1-50 

1-40 

4-75 

1 

•70 

3-71 

1-4 

3-47 

3-46 

Fats, 

1-30 

2-30 

1-11 

0-10 

Insoluble  albumin, 

Blood-vessels,  &c., 

17-50 

16-2 

16-81 

16 

-81 

15-54 

16-5 

11-31 

11-67 

In  100  parts  Ash  there  are  — 


Horse. 

Ox. 

Calf. 

Pig. 

Potash,  

39-40 

35-94 

34-40 

37-79 

Soda,      .       .     '  . 

4-86 

2-35 

4-02 

Magnesia,  ..... 

3-88 

3-31 

1-45 

4-81 

Chalk,  

1-80 

1-73 

1-99 

7-54 

Potassium,  ..... 

5-36 

Sodium,  ...... 

1-47  j 

1   10-59  j 

0-40 

Chlorine,  ..... 

} 

4'-86 

0-62 

Iron  oxide,  ..... 

1-0 

0-98 

0-27 

0-35 

Phosphoric  Acid,  .... 

46-74 

34-36 

48-13 

44-47 

Sulphuric  ,, 

0-30 

3-37 

Silicic          ,,  .... 

2-07 

o'-'si 

Carbonic 

8-02 

Ammonia,  .... 

0-15 

The  amount  of  fat  in  flesh  taries  very  much  according  to  the  condition  of  the  animal.  After 
removal  of  the  visible  fat,  human  flesh  contains  7*15  ;  ox,  11-12  ;  calf,  10-4;  sheep,  3-9  ;  wild 
goose,  8-8  ;  fowl,  2*5  per  cent. 

The  amount  of  extractives  is  most  abundant  in  those  animals  which  exhibit  energetic 
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muscular  action  ;  hence  it  is  largest  in  wild  animals.  The  extract  is  increased  after  vigorous 
muscular  action,  whereby  sarcolactic  acid  is  developed,  and  the  flesh  becomes  more  tender  and  is 
more  palatable.  Some  of  the  extractives  excite  the  nervous  system,  e.g.,  kreatin  and  kreatinin  ; 
and  others  give  to  flesh  its  characteristic  agreeable  flavour  ["  osmasome,"]  but  this  is  also 
partly  due  to  the  different  fats  of  the  flesh,  and  is  best  developed  when  the  flesh  is  cooked. 
The  extractives  in  100  parts  of  flesh  are  in  man  and  pigeon,  3  ;  deer  and  duck,  4  ;  swallow,  7 
per  cent. 

[Flesh  is  characterised  by  its  large  percentage  of  proteids  containing  four  times  as  much  as 
milk.  The  flesh  of  birds  contains  most  proteids,  then  follows  that  of  mammals,  and  then 
fishes.] 

[Münk  gives  the  following  table  of  its  composition — 


In  100  Parts  Flesh. 

ox. 

Calf. 

Pig- 

Horse. 

Fowl. 

Pike. 

Water,        .       .       .  . 

76  7 

75-6 

72-6 

74-3 

70-8 

79-3 

Solids,         .       .     _  .  . 

23-3 

24-4 

27-4 

25-7 

29-2 

20-7 

Myosin,   albumin,  and  \ 
gelatin,    .       .  .J 

20-0 

19-4 

19-9 

21-7 

22-7 

18-3 

Fat,  .... 

1-5 

2-9 

6-2 

2-5 

4-1 

0-7 

Carbohydrates,    .  , 

0-6 

0-8 

0-6 

0-6 

1-3 

0-9 

Salts,  .... 

1-2 

1-3 

1-1 

1-0 

1-1 

0-8] 

Cooking  of  Flesh. — As  a  general  rule,  the  flesh  of  young  animals,  owing  to  the  sarcolemma, 
connective-tissue,  and  elastic  constituents  being  less  tough,  is  more  tender  and  more  easily 
^  digested  than  the  flesh  of  old  animals  ;  after  llesh  has  been  kept  for  a  time  it  is  more  friable 
'  and  tender,  as  the  inosit  becomes  changed  into  sarcolactic  acid  and  the  glycogen  into  sugar, 
and  this  again  into  lactic  acid,  whereby  the  elements  of  the  flesh  undergo  a  kind  of  maceration. 
Finely  divided  flesh  is  more  digestible  than  when  it  is  eaten  in  large  pieces.  In  cooking  meat, 
the  heat  ought  not  to  be  too  intense,  and  ought  not  to  be  continued  too  long,  as  the  muscular 
fibres  thereby  become  hard  and  shrink  very  much.  Those  parts  are  most  digestible  which  are 
obtained  from  the  centre  of  a  roast  where  they  have  been  heated  to  60°  to  70°  C,  as  this 
temperature  is  sufficient,  with  the  aid  of  the  acids  of  the  flesh,  to  change  the  connective-tissue 
into  gelatin,  whereby  the  fibres  are  loosened,  so  that  the  gastric  juice  readily  attacks  them.  In 
roasting  beef,  apply  heat  suddenly  at  first,  to  coagulate  a  layer  on  the  surface,  which  prevents 
the  escape  of  the  juice. 

Meat  Soup  is  best  prepared  by  cutting  the  flesh  into  pieces  and  placing  them  for  several 
hours  in  cold  water,  and  afterwards  boiling.  Liebig  found  that  6  parts  per  100  of  ox  flesh  were 
dissolved  by  cold  water.  When  this  cold  extract  was  boiled,  2*95  parts  were  precipitated  as 
coagulated  albumin,  which  is  chiefly  removed  by  "  skimming,"  so  that  only  3'05  parts  remain 
in  solution.  From  100  parts  of  flesh  of  fowl,  8  parts  were  extracted,  and  of  these  4  "7  was  coagulated 
and  3 '3  remained  dissolved  in  the  soup.  By  boiling  for  a  very  long  time,  part  of  the  albumin 
may  be  redissolved.  The  dissolved  substances  are  : — (1)  Inorganic  salts  of  the  meat,  of  which 
82-27  per  cent,  pass  into  the  soup  ;  the  earthy  phosphates  chiefly  remain  in  the  cooked  meat. 
(2)  Kreatin,  kreatinin,  the  inosinates  and  lactates  which  give  to  broth  or  beef-tea  their  stimu- 
lating qualities,  and  a  small  amount  of  aromatic  extractives.  (3)  Gelatin,  more  abundantly 
extracted  from  the  flesh  of  young  animals.  According  to  these  facts,  therefore,  flesh  broth  or 
beef-tea  is  a  powerful  stimulant,  supplying  muscle  with  restoratives,  but  is  not  a  food  in  the 
ordinary  sense  of  the  term,  as  kreatin  in  general  leaves  the  body  unchanged  {v.  Voit).  The 
flesh,  especially  if  it  be  cooked  in  a  large  mass,  after  the  extraction  of  the  broth,  is  still  avail- 
able as  a  food. 

Liebig's  Extract  of  Meat  is  an  extract  of  flesh  evaporated  to  a  thick  syrupy  consistence.  It 
contains  no  fat  or  gelatin  or  proteid,  and  is  chiefly  a  solution  of  the  extractives  and  salts  of 
flesh.  [It  contains  about  22  per  cent,  of  water  and  78  of  solids.  Of  the  latter — which  contain 
no  proteids — 61  per  cent,  is  organic,  and  17  inorganic  salts.  Crystals  of  kreatin  are  found  in 
large  numbers  in  the  extract.] 

[Extract  of  Fish. — A  similar  extract  is  now  prepared  from  fish  ;  and  such  extract  has  no  fishy 
flavour,  but  presents  much  the  same  appearance,  odour,  and  properties  as  extract  of  flesh.] 

[Beef-Tea  made  by  putting  the  meat,  cut  up  into  small  pieces,  in  cold  water  and  then  gradu- 
ally heating  it,  is  really  a  watery  extract  of  certain  of  the  constituents  of  meat.  It  has  slight 
nutritive  and  stimulating  properties,  and  may  be  regarded  as  a  watery  solution  of  the  extractives, 
and  salts  of  meat  together  with  gelatin,  minute  quantities  of  soluble  albumin,  and,  perhaps, 
some  fat  floating  on  the  surface  of  the  fluid.] 

[Preservation  of  Meat. — Much  "preserved"  meat  in  tins  is  now  used.  The  Indians  dry  strips 
of  meat  in  the  sun's  rays  to  form  pemmican.  "  Pickling  "  or  salting  meat  is  much  practised.  Voit 
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found  that  where  meat  is  placed  iu  brine  its  nutritive  value  is  not  greatly  impaired.  In  salted 
meat,  besides  an  increase  of  salt,  he  found  a  loss  of  10  "4  per  cent,  of  water  and  of  organic 
matters  2'1,  albumin  I'l,  extractives  13'5,  and  phosphoric  acid  8 '5  per  cent.  When  meat  is 
"  smoked  "  the  surface  becomes  harder,  and  the  meat  is  acted  on  by  creosote  and  other  antiseptics 
present  in  the  smoke  of  the  wood  used  in  the  process.] 

234.  VEGETABLE  FOODS.— The  nitrogenous  constituents  of  plants  are  not 
so  easily  absorbed  as  animal  food  {Ruhner).  Still  if  they  contain  the  same  amount 
of  iN"  they  may  completely  replace  animal  proteids  (Rutgers),  [and,  according  to 
Hoppe-Seyler,  the  vegetable  proteids  do  not  seem  to  differ  essentially  from  animal 
proteids.]  Carbohydrates,  starch,  and  sugar  are  very  completely  absorbed,  and 
even  a  not  inconsiderable  jiroportion  of  cellulose  may  be  digested  (§  184,  I).  The 
more  fats  that  are  contained  in  the  vegetable  food,  the  less  are  the  carbohydrates 
digested  and  absorbed. 

[Vegetable  foods  are  characterised  by  the  very  large  amount  of  non-nitrogenous 
substance  they  contain,  and  by  the  fact  that  this  is  usually  contained  in  cellulose 
capsules,  which  are  either  not 
or  with  difficulty  dissolved  by 
the  digestive  juices,  and  they 
always  •  yield  a  considerable 
amount  of  indigestible  residue, 
so  that  the  herbivorous  animals 
always  pass  a  larger  quantity  of 
faeces  than  carnivorous.  More- 
over, vegetable  food  is  not  so 
fully  utilised  in  the  digestive 
tract  as  animal  food  (p.  435). 
Further,  the  potash  and  mag- 
nesia, especially  the  phosphatic 
salts,  are  more  abundant  than 
soda  and  lime,  while  there  is 
little  chlorine  {Munh).'] 

1.  The  cereals  are  most  im- 
portant vegetable  foods  ;  they  Section  of  part  of  a  grain  of  wheat ;  ep,  epidermis  with 
contain  proteids,  starch,  salts,  cuticle  c  ;  m,  middle  layer  ;  qu,  transverse,  and  sch, 
and  about  14  per  cent,  of  water.  ^^^^^  s^^'  coats  of  the  seed  ;  Kl,  glutin 

rrii  1    1      1  ^*    •       cells  ;  st,  starch-grains  withm  cells, 

ihe  nitrogenous  body  giutm  is  ^ 

most  abundant  under  the  husk  (fig.  290,  Kl).  The  use  of  whole  meal  containing 
the  outer  layers  of  the  grain  is  highly  nutritive,  but  bread  containing  much  bran 
is  somewhat  indigestible  {Rubner).    Their  composition  is  the  following  : — 


100  Parts  of  the  Dry  Meal  contain 

100  Parts  of  Ash  contain 

Of 

Albumin. 

Starch. 

Red  Wheat. 

White  Wheat. 

Wheat, 
Rye,  . 
Barley, 
Maize, 
Rice,  , 
Buckwheat,  . 

16-  52% 
11-92 

17-  70 
13  -65 

7-40 

6-8-10-5 

56-25% 

60-91 

38-31 

77-74 

86-21 

65-05 

27-87 
15-75 
1-93 
9-60 
1-36 
49-36 
0-15 

Potash, 

Soda,  . 
Lime,  . 
Magnesia, 
Iron  oxide,  . 
Phosphoric  Acid,  . 
Silica,  . 

33-84 

S-OQ 
13-54 

0-31 
59-21 

It  is  curious  to  observe  that  soda  is  absent  from  white  wheat,  its  place  being  taken  by  other 
alkalies.  Rye  contains  more  cellulose  and  dextrin  than  wheat,  but  less  sugar  ;  rye-bread  is 
usually  less  porous. 

28 
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The  following  table  by  König  gives  their  composition  although  they  vary  much  with  climate, 
soil,  cultivation,  &c. 




In  100  Parts. 

Wheat. 

Rye. 

Barley. 

Oats. 

Rice. 

Maize. 

Water, 

13-6 

11-1 

13-8 

12-4 

13-1 

13-1 

Proteid, 

12-4 

11-5 

11-1 

10-4 

7-9 

9-9 

Fat,  . 

1-8 

1-8 

2*2 

5-2 

0-9 

4-6 

Carbohydrates  and 
N-f'reeextractives, 

67-9 

67-8 

64-9 

57-8 

76-5 

68-4 

Cellulose, 

2-5 

2-0 

5-3 

;  11-2 

0-6 

2-5 

Ash, 

1-8 

1-8 

2-7 

3-0 

1-0 

The  cereals  have  an  outer  envelope  composed  of  cellulose  :  to  facilitate  digestion 
of  the  contents  the  cellulose  envelopes  are  crushed  or  removed  by  the  process  of 
"  milling  ;  "  the  finely  ground  contents  constitute  flour  or  meal. 

[Oatmeal  contains  more  nitrogenous  substances  (giiadin  and  glutin-casein)  than 
wheaten  flour,  but  owing  to  the  want  of  adhesive  properties  it  cannot  be  made 
into  bread.    The  amount  of  fat  and  salts  is  large  (p.  436).] 

In  the  preparation  of  bread  the  meal  is  kneaded  with  water  until  dough  is  formed,  and  to  it  is 
added  salt  and  yeast  (Saccharomyces  cerevisise).  When  placed  in  a  warm  oven,  the  proteids 
of  the  meal  begin  to  decompose  and  act  as  a  ferment  upon  the  swollen-up  starch  w^hich  becomes 
in  part  changed  into  sugar.  The  sugar  is  further  decomposed  into  CO.^  and  alcohol,  the  CO.^ 
forms  bubbles,  which  cause  the  bread  to  "rise,"  and  thus  become  spongy  and  porous.  I  be 
alcohol  is  driven  off  by  the  baking  (200°),  while  much  soluble  dextrm  is  formed  m  the  crust  ot 
the  bread.  [But  CO.,  may  be  set  free  within  the  dough  by  chemical  means  without  yeast  or 
leaven,  thus  forming  unfermented  bread.  This  is  done  by  mixing  with  the  dough  an  aikahne 
carbonate,  and  then  adding  an  acid.  Baking  powders  consist  of  carbonate  of  soda  and  tartaric 
acid.  In  Daughsh's  process  for  aerated  bread,  the  CO.^  is  forced  into  water,  and  a  dough  is 
made  with  this  water  under  pressure,  and  when  the  dough  is  heated,  the  COa^ expands  and 
forms  the  spongy  bread.  Bread  as  an  article  of  food  is  deficient  in  N,  while  it  is  poor  m  lats 
and  some  salts.    Hence  the  necessity  for  using  some  form  of  fat  with  it  (butter  or  bacon).  J 

2.  The  leguminous  seeds  or  pulses  contain  much  proteid,  especially  legumin ; 
together  with  starch,  lecithin,  Cholesterin,  and  9  to  19  per  cent,  water.  Owing  to 
the  absence  of  glutin,  they  do  not  form  dough,  and  bread  cannot  be  prepared  from 
them.  On  account  of  the  large  amount  of  proteids  which  they  contain,  and  on 
account  of  their  cheapness,  they  are  admirably  adapted  as  food  for  the  poorer 
classes ;  excellent  sou]3  can  be  made  with  them. 

[The  following  table  from  Münk  shows  their  composition  contrasted  with  that  of  potatoes 


In  100  Parts. 

Lentils. 

Peas.         j  Beans. 

Potatoes. 

Water  !  12-5 

Proteids,  24-8 

Fat,  !  1-9 

Carbohydrates,  .       .       .       .  '■■  54-8 

Cellulose,   3-6 

Ash,   2-4 

14-3  14-8 
22-6        i  23-7 

1-  7        1  1-6 
53-2  49-3 

5-5  7-5 

2-  7        ,  3-1 

i 

76-0 
2-0 
0-2 

20-6 

0-  7 

1-  0 

[3.  The  whole  group  of  farinaceous  substances  used  as  "  pudding  stuffs,"  such 
as  corn-flour,  arrow-root,  rice,  hominy,  are  really  very  largely  composed  of  starchy 

4.  Potatoes  contain  70  to  81  per  cent,  water,  and  of  the  solids  about  20  per  cent, 
consists  of  starch.  In  the  fresh  juicy  cellular  tissue,  which  has  an  acid  reaction, 
from  the  presence  of  phosphoric,  malic,  and  hydrochloric  acids,  there  is  16  to  23 
percent,  of  starch,  2-5  soluble  albumin,  globuHn,  and  a  trace  of  asparagm. 


The 
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envelopes  of  the  cells  swell  up  by  boiling,  and  are  changed  into  sugar  and  gums  by 
dilute  acids.  The  cells  contain  a  large  number  of  starch  granules  (fig.  291).  The 
poisonous  solanin  occurs  in  the  sprouts.  In  100  parts  of  potato  ash,  May  found 
49-96  potash,  2-41  sodium  chloride,  8-11  potassium  chloride,  6-50  sulphuric  acid 
derived  from  burned  proteids,  7  "17  silica. 

^  5.  In  fruits  the  chief  nutrient  ingredients  are  sugar  and  salts ;  the  organic  acids 
give  them  their  characteristic  taste,  the  gelatinising  substance  is  the  soluble  so- 
called  pectin  (Cg.^H^gOg.^),  which 
can  be  prepared  artificially  by 
boiling  the  very  insoluble  pec- 
tose  of  unripe  fridts  and  mul- 
berries. 

6.   Green   Vegetables  are 

especially  rich  in  salts,  which 
resemble  the  salts  of  the  blood  ; 
thus,  dry  salad  contains  23  per 
cent,  of  salts,  which  closely 
resemble  the  salts  of  the  blood. 
Of  much  less  imp)ortance  are  the 
starch,  cell-substance,  dextrin, 
sugar,  and  the  small  amount 
of  albumin  which  they  con- 
tain. 

[Vegetables  are  chiefly  useful  for 
the  salts  they  contain,  while  many 
of  them  are  antiscorbutic.  Their 
value  is  attested  by  the  serious 
defects  of  nutrition,  such  as  scurvy, 
which  result  when  they  are  not 
supplied  in  the  food.  In  Arctic  ex- 
peditions and  the  navy,  lime  juice 
is  served  out  as  an  antiscorbutic] 

[Salts  of  Vegetable  Food.— Much 
interest  attaches  to  the  large  amount  Section  of  part  of  a  potato.    K,  capsule;  2Ü,  plasma 
of  potash  salts  in  vegetable  food.       containing  cells  with  small  starch-grains;  r,  protein 
They  contain  2-8  times  as  much      crystals  ;  5,  starch, 
potash  as  soda,  so  that  herbivora 

take  5-10  times  as  much  potash  as  soda  in  their  food.  Bunge  has  shown  that  this  large  con- 
sumption of  potash  salts  by  certain  of  these  animals  is  the  cause  of  the  great  amount  of  common 
salt  required  by  them  {Münk).'] 

[Preserved  Vegetables.— The  dried  and  compressed  vegetables  of  Messrs  Chollet  &  Company 
are  an  excellent  substitute  for  fresh  vegetables,  and  are  used  largely  in  naval  and  military  ex- 
peditions. ] 

[Utilisation  of  Food.— As  regards  what  percentage  of  the  food  swallowed  is 
actually  absorbed,  Ave  know  that,  stated  broadly,  vegetable  food  is  assimilated  to  a 
much  less  extent  than  animal  food  in  man.  Fr,  Hof  mann  gives  the  following 
table  as  showing  this  : —  ° 


Weight  of  Food. 

Vegetable. 

Animal. 

Digested. 

Undigested. 

Digested. 

Undigested. 

Of  100  parts  of  solids,  

,,100  ,,  albumin,  .... 
5  J  1 00     , ,       fats  or  carbohydrates,  . 

75-5 
46-6 
90-3 

24 -.5 

53-4 
9-7 

89-9 
81-2 
96-9 

11.1 

18-8 
3-1] 
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[The  following  table,  abriagea  irom  rar^es,  snu 
diet,  and  is  also  used  for  calculating  diet  tables  :— 


Beef  Steak, 
Fat  pork,  . 
Smoked  liani. 
White  fish, 
Poultry, 

White  wheaten  bread. 
Wheat  flour, 
Biscuit, 
Rice, 

Oatmeal,  . 
Maize, 
Macaroui,  . 
Arrow-root, 
Peas  (dry), 
Potatoes,  . 
Carrots, 
Cabbage,  . 
Butter, 

Egg  (t\  for  shell), 
Cheese, 

Milk  (S.  G.  1032), 
Cream, 

Skimmed  milk, 
Sugar, 


of  the  chief  articles  of 

Ctii'bo- 

Salts. 

liydrates. 

1-6 

2-3 

10-1 

1-0 

1-2 

49-2 

1-3 

70-3 

1-7 

73-4 

1-7 

83-2 

0-5 

63-0 

3-0 

64-5 

1-4 

76-8 

0-8 

83-3 

0-27 

53-0 

2-4 

21-0 

1-0 

8-4 

1  '0 

5-8 

0-7 

2-7 

1-0 

5-4 

4 -8 

0-7 

2-8 

1-8 

5-4 

0-8 

96-5 

0-5] 

2S5  CONDIMENTS  COFFEE,  TEA,  ALCOHOL.— Some  substances  are  used  along  with  food, 
not  so  much  on  account  of  their  nutritive  properties  as  on  account  of  their  '^tim^^lfl^^g  f  ^'^.^^ 
lud  agreeable  qualities,  which  are  exerted  partly  upon  the  organ  of  taste  and  partly  upon  the 
nervous  system.    These  are  called  condiments.  .  .  i     r+i  .  fiv.f  r.f  fhp 

Coffee  Tea,  and  Chocolate  are  prepared  as  infusions  of  certain  vegetables  [the  fii^t  of  the 
roasted  berry  the  second  of  the  leaves,  and  the  third  of  the  seeds].  Then-  ^^^^^^l  active  i^^^^^^^ 
dients  are  lespectively  caffein,  thein  (C,HioN40,  + H,0  trimethylxanthin  ,  and  theobromin 
%  u  Jlo  dimethylxinthin),  ^hich  are  rigarded  as  alkaloids  of  the  vegetable  bases,  and  which 
ref Ät?rbee^  prepared  artificially  f?om  xanthin  {E.  Fischer).  [Guarana,  or  Brazilian 
cocoa  is  maie  of  the\eJds  ground  intol  paste  in  the  form  of  a  sausage  Mate  o^Jaiw 
tea  (the  leaves  of  a  species  of  holly)  is  used  in  South  America,  and  so  also  is  the  coca  ol  tire 
Andes  (Erythroxyloi  Coca).]  These  "  alkaloids  "  occur  as  such  in  the  plants  con  aining  them  ; 
ti  y  behi-e  likelmmonia  \  they  have  an  alkaline  reaction,  and  ^^^-^^^^^^l^^^^^^ 
All  these  vegetable  bases  act  upon  the  nervous  system  ;  some  more  foebly  ^^'l^^.^  ^l^^^^^ 
more  powerfully  (quinine) ;  some  stimulate  powerfully,  or  completely  paralyse  (morphia,  atropm, 
strychnin,  curarin,  nicotin). 

Effects  of  Tea  and  Coffee.— All  these  substances  act  on  the  nervous  system; 
they  quicken  thought,  accelerate  movement,  and  stir  one  to  greater  activity,  in 
these  respects  they  resemble  the  stimulating  extractives  of  beef-tea.  Ooüee  con- 
tains about  1  per  cent,  of  caffein,  part  of  which  only  is  liberated  by  the  act  ot 
roasting.  Tea  has  6  per  cent,  of  thein;  Avhilst  green  tea  contains  1  per  cent, 
ethereal  oil,  and  black  tea  i  per  cent. ;  in  green  tea  there  is  18  per  cent.,  m  black 
15  per  cent,  tannin;  green  tea  yields  about  46  per  cent.,  and  the  black  scarcely  60 
per  cent  of  extract.  The  inorganic  salts  present  are  also  of  importance;  tea  con- 
tains 3-03  per  cent,  of  salts,  and  amongst  these  are  soluble  compounds  of  iron, 
man-anese,  and  soda-salts.  In  coffee,  which  yields  341  per  cent  of  ash,  potash 
salts" are  most  abundant;  in  all  three  substances  the  other  salts  which  occur  m  the 

blood  are  also  present.  ,    ,   ,    ■,  •  i   x-u  +  • . 

Alcoholic  drinks  owe  their  action  chiefly  to  the  alcohol  which  they  contain. 
Alcohol,  when  taken  into  the  body,  undergoes  certain  changes  and  produces  certain 
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effects — (1)  About  95  per  cent,  of  it  is  oxidised  chiefly  into  CO.2  and  H.,0,  so  that 
it  is  so  far  a  source  of  heat.  As  it  undergoes  this  change  very  readily,  Avhen  taken 
to  a  certain  extent,  it  may  act  as  a  substitute  for  the  consumption  of  the  tissues  of 
the  body,  especially  when  the  amount  of  food  is  insufficient.  [Hammond  found 
that  when  he  lived  on  an  insufficient  amount  of  food,  alcohol,  if  given  in  a  certain 
quantity,  supplied  the  place  of  the  deficiency  of  food,  and  he  even  gained  in  weight. 
If,  however,  sufficient  food  was  taken,  alcohol  was  unnecessary.  As  it  interferes 
with  oxidation,  and  where  there  is  a  sufficient  amount  of  other  food,  in  health  it  is 
unnecessary  for  dietetic  purposes.]  Small  doses  diminish  the  decomposition  of  the 
Proteids  to  the  extent  of  6  to  7  per  cent. .  Only  a  very  small  part  of  the  alcohol  is 
excreted  in  the  urine ;  the  odour  of  the  breath  is  not  due  to  alcohol,  but  to  other 
volatile  substances  mixed  with  it,  e.g.,  fusel  oil,  &c.  (2)  In  small  doses  it  excites, 
while  in  large  doses  it  paralyses  the  nervous  system.  By  its  stimulating  qualities 
it  excites  to  greater  action,  which,  however,  is  followed  by  depression.  (3)  It 
diminishes  the  sensation  of  hunger.  (4)  It  excites  the  vascular  system,  accelerates 
the  circulation,  so  that  the  muscles  ancl  nerves  are  more  active,  owing  to  the  greater 
supply  of  blood.  It  also  gives  rise  to  a  subjective  feeling  of  warmth.  In  large 
doses,  however,  it  paralyses  the  vessels,  so  that  they  dilate,  and  thus  much  heat  is 
given  off  (§  213,  7;  §  227)  and  the  temperature  is  lowered.  The  action  of  the 
heart  also  becomes  affected,  the  pulse  becomes  smaller,  feebler,  and  more  rapid.  In 
high  altitudes  the  action  of  alcohol  is  greatly  lessened,  owing  to  the  diminished 
atmospheric  pressure,  whereby  it  is  rapidly  given  off  from  the  blood. 

Alcohol  in  small  doses  is  of  great  use  in  conditions  of  temporary  want,  and 
where  the  food  taken  is  insufficient  in  quantity.  When  alcohol  is  taken  regularly, 
more  especially  in  large  doses,  it  affects  the  nervous  system,  and  undermines  the 
psychical  and  corporeal  faculties,  partly  from  the  action  of  the  impurities  which  it 
may  contain,  such  as  fusel  oil,  which  has  a  poisonous  effect  upon  the  nervous  system, 
partly  by  the  direct  effects,  such  as  catarrh  and  inflammation  of  the  digestive 
organs,  which  it  produces,  and  lastly,  by  its  effect  upon  the  normal  metabolism. 

[The  action  of  alcohol  in  lowering  the  temperature,  even  in  moderate  doses,  is  most  impor- 
tant. By  dilating  the  cutaneous  vessels,  it  thus  permits  of  the  radiating  of  much  heat  from 
the  blood.  "When  the  action  of  alcohol  is  pushed  too  far,  and  especially  when  this  is  combined 
with  the  action  of  great  cold,  its  use  is  to  be  condemned.  Brunton  has  pointed  out  that,  as 
regards  its  action  on  the  nervous  system,  it  seems  to  induce  progressive  paralysis,  affecting  the 
nervous  tissues  "in  the  inverse  order  of  their  development,  the  highest  centres  being  aH'ected 
first  and  the  lowest  last."  The  judgment  is  affected  first,  although  the  imagination  and 
"emotions  may  be  more  than  usually  active."  The  motor  centres  and  si^eech  are  affected, 
then  the  cerebellum  is  influenced,  and  afterwards  the  cord,  while  by  and  by  the  centres  essential 
to  life  are  paralysed,  provided  the  dose  be  sufficiently  large.] 

Preparation. — Alcoholic  drinks  are  prepared  by  the  fermentation  of  various  carbohydrates, 
such  as  sugar  derived  from  starch.    The  alcoholic  fermentation,  such  as  occurs  in  the  manu- 
facture of  beer,  is  caused 
by  the  development  of  the 
yeast  plant,  Saccharomy-  ^ 
ces  cerevisise ;   while  in  ^)^/^ 
the   fermentation  of  the 
grape   (wine),   S.  ellipso-  yfy 
ideus  is  the  s]iecies  present 
(fig.  292).    The  yeast  takes 
the   substances  necessary 
for  the  maintenance  of  its  3,  Isolated  yeast  cells  ;  2,  3,  yeast  cells  budding  ;  4,  5,  so-called  en- 
organic  processes  directly    dogenous  formation  of  cells  ;  6,  sprouting  and  formation  of  buds, 
from  the  mixture  of  the 

sugar,  viz.,  carbohydrates,  proteids,  and  salts,  especially  calcium  and  ]^otassium  phosphates 
and  magnesium  sulphate.  These  substances  undergo  decomposition  Avithin  the  cells  of  the 
yeast  plant,  which  multiply  during  the  process,  and  there  are  produced  alcohol  and  CO^  (§  150), 
together  with  glycerin  (3-2  to  3-6  per  cent.)  and  succinic  acid  (0-6  to  0  7  per  cent.).  Yeast 
is  either  added  intentionally  or  it  reaches  the  mixture  from  the  air,  which  always  contains 
its  spores.    When  yeast  is  completely  excluded,  or  if  it  be  killed  by  boiling  [or  if  its  action  be 
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prevented  by  the  presence  of  some  germicide],  the  fermentation  does  not  occur.  The  alcoholic 
fermentation  is  due  to  the  vital  activity  of  a  low  organism. 

In  the  preparation  of  brandy,  the  starch  of  the  grain  or  potatoes  is  first  changed  into  sugar 
by  the  action  of  diastase  or  maltin.  Yeast  is  added,  and  fermentation  thereby  produced  ;  the 
mixture  is  distilled  at  78-3°  C.  The  fusel  oil  is  prevented  from  mixing  with  the  alcohol  by  pass- 
ing the  vapour  through  heated  charcoal.    The  distillate  contains  50  to  55  per  cent,  of  alcohol. 

In  the  preparation  of  wine,  the  saccharine  juice  of  the  grape— the  must— after  being  expressed 
from  the  grapes,  is  exposed  to  the  air  at  10°  to  15°  C,  and  the  yeast  cells,  which  are  floating 
about  drop  into  it  and  excite  fermentation,  which  lasts  10  to  14  days,  when  the  yeast  sinks  to 
the  bottom.  The  clear  wine  is  drawn  off  into  casks,  where  it  becomes  turbid  by  undergoing  an 
after-fermentation,  until  the  sugar  is  converted  into  alcohol  and  CO.,,  which  is  accompanied  by 
the  deposition  of  some  yeast  and  tartar.  If  all  the  sugar  is  not  decomposed— which  occurs 
when  there  is  not  sufficient  nitrogenous  matter  present  to  nourish  the  yeast--a  sweet  wme  is 
obtained.  Wine  contains  89  to  90  per  cent,  water,  7  to  8  per  cent,  alcohol,  consisting  _  of 
ethylic  propylic,  and  butylic  alcohols.  The  red  colour  of  some  wines  is  due  to  the  colouring 
matter  of  the  skin  of  the  grapes,  but  if  the  skins  be  removed  before  fermentation,  red  grapes 
yield  white  wine.  When  wine  is  stored,  it  develops  a  fine  flavour  or  bouquet.  The  character- 
istic vinous  odour  is  due  to  oenanthic  ether.    The  salts  of  wine  closely  resemble  the  salts  ot  the 

^^hf  the  preparation  of  beer  the  gi-ain  is  moistened,  and  allowed  to  germinate,  when  the 
temperature  rises,  and  the  starch  (68  per  cent,  in  barley)  is  changed  into  sugar.  Thus  malt 
is  formed  which'  is  dried,  and  afterwards  pulverised,  and  extracted  with  water  at  /O  to  75  , 
the  watery  extract  being  the  "wort."  Hops  are  added  to  wort,  and  the  whole  is  evaporated, 
when  the  Proteids  are  coagulated.  Hops  give  beer  its  bitter  taste,  and  make  it  keep,  while  their 
tannic  acid  precipitates  any  starch  that  may  be  present,  and  clarifies  the  wort.  After  being 
boiled,  it  is  cooled  rapidly  (12°  C.)  ;  yeast  is  added,  and  fermentation  goes  on  rapidly  and  with 
considerable  eflervescence  at  10°  to  14°.  Beer  contains  75  to  95  per  cent,  water  ;  alcohol,  2  to 
5  per  cent,  (porter  and  ale,  to  8  per  cent.)  ;  CO2,  O'l  to  0-8  per  cent.  ;  sugar,_2  to  8  per  cent._ ; 
gum  dextrin  2  to  10  per  cent.  ;  the  hops  yield  traces  of  protein,  fat,  lactic  acid,  ammonia 


the  consumption  of  beer  is  due  to  the  phosphoric  acid  and  potash,  while  if  too  much  be  taken, 
the  potash  produces  fatigue. 

Condiments  are  taken  with  food,  partly  on  account  of  their  taste,  and  partly 
because  they  excite  secretion.  Common  salt,  in  a  certain  sense,  is  a  condiment. 
We  may  also  include  as  such  many  substances  of  unknown  constitution  which  act 
upon  the  gustatory  organs,  e.g.,  dextrin,  and  substances  in  the  crust  of  bread  and 
in  meat  which  has  been  roasted. 

236.  EaUILIBEIUM  OF  THE  METABOLISM.— By  this  term  is  meant 
that,  under  normal  physiological  conditions,  just  as  much  material  is  absorbed  and 
assimilated  from  the  food  as  is  removed  from  the  body  by  the  excretory  organs  m 
the  form  of  effete  or  end-products,  the  result  of  the  retrogressive  tissue-changes. 
The  income  must  always  balance  the  expenditure ;  wherever,  a  tissue  is  used  up,  it 
must  be  replaced  by  the  formation  of  new  tissue.  During  the  period  of  growth, 
the  increase  of  the  body  corresponds  to  an  increased  formative  activity  whereby  the 
metabolism  of  the  growing  parts  of  the  body  is  2-5  to  6-3  times  greater  than  that 
of  the  parts  already  formed.  Conversely,  during  senile  decay,  there  is  an  excess 
of  expenditure  from  the  body. 

Methods.— The  normal  equilibrium  of  the  metabolism  of  the  body  is  investigated--(l)  By 
determining  chemically  that  the  sum  of  all  the  substances  passing  into  the  body  is  equal  to  the 
sum  of  all  the  substances  given  off  from  it.  Thus  the  C,  N,  H,  0,  salts  and  water  of  the  lood, 
and  the  0  inspired,  must  be  equal  to  the  C,  N,  H,  0,  salts  and  water  given  ofl"  in  the  excreta 
(urine,  faeces,  air  expired,  water  excreted).  (2)  The  physiological  eqmlibnnm  is  determined 
empirically  by  observing  that  the  body  retains  its  normal  weight  with  a  given  diet  ;  so  that, 
by  simply  weighing  a  person,  a  physician  is  enabled  to  determine  exactly  the  state  ot  con- 
valescence of  his  patient.  The  tedious  process  of  making  an  elementary  analysis  of  the 
metabolic  substances  was  first  undertaken  in  the  Munich  School  by  v.  Bischoff,  v.  Voit,  v. 
Pettenkofer,  and  others. 

Circulation  of  C. — In  the  circulation  of  materials  the  total  amount  of  C  taken  in 
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the  food,  if  the  metabolism  be  in  a  condition  of  physiological  equilibrium,  must  be 
equalled  by  the  C  in  the  CO2  given  off  hj  the  lungs  and  skin  (90  per  cent.), 
together  with  the  relatively  small  amount  of  C  in  the  organic  excreta  of  the  urine 
and  fseces  (10  per  cent.). 

Circulation  of  N. — Nearly  all  the  N  taken  in  with  the  food  is  excreted  within 
twenty-four  hours  in  the  form  of  urea,  A  very  small  amount  of  nitrogenous  matter 
is  excreted  in  the  faeces,  while  the  other  nitrogenous  urinary  constituents  (uric  acid, 
kreatinin,  &c.)  represent  about  2  per  cent,  of  I^.  A  trace  of  the  N  is  given  off  by 
the  breath  (§  124),  and  a  minute  proportion  in  combination,  in  the  epidermal  scales 
(50  milligrams  daily  in  the  hair  and  nails),  and  in  the  sweat. 

Deficit  of  N. — That  nearly  all  the  N  taken  in  the  food  reappears  in  the  urine  and 
faeces,  as  was  stated  by  v.  Voit  to  be  the  case  in  the  Carnivora  and  in  the  herbivora, 
and  by  v.  Ranke  in  man,  is  contradicted  partly  by  old  and  partly  by  new  observa- 
tions, which  go  to  show  that  the  whole  of  the  1^  cannot  be  recovered  from  these 
excretions,  but  that  on  the  contrary  there  is  a  deficit. 

According  to  Leo,  only  0*55  per  cent,  of  the  albumin  transformed  within  the  body  (a,ssiiming 
15  per  cent.  N  in  albumin)  gives  off  its  N  in  the  form  of  gaseous  N  (according  to  Seegen  and 
Nowak  12  times  more).  In  every  exact  analysis  of  the  metabolism  of  N  this  gaseous  excretion 
of  N  must  he  taken  into  account. 

The  excretion  of  N  after  food  does  not  take  place  regularly  from  hour  to  hour,  but  it  increases 
at  once  and  distinctly,  reaches  its  maximum  in  five  to  six  hom^s,  and  then  gradually  falls.  The 
same  is  true  of  the  excretion  of  S  and  P  ;  but  in  these  cases  the  maximum  of  excretion  is  reached 
at  the  fourth  hour.  When  fat  is  added  to  a  diet  of  flesh,  the  excretion  of  N  and  S  is  uniformly 
distributed  over  the  individual  hours  of  the  day  {v.  Voit  and  Feder). 

The  nitrogenous  constituents  in  the  body  during  metabolism  become  poorer  in  C,  and  richer 
in  N  and  0.  Thus  in  albumin  to  1  atom  of  N  there  are  4  atoms  C  ;  in  gelatin,  3^  C  ;  in 
glycocoU,  2  C  ;  in  kreatin,  Ig  C  ;  in  uric  acid,  \\  C  ;  in  allantoin,  1  C  ;  in  urea,  only  h  atom 
of  C.  (p.  419). 

Circulation  of  H  and  0  and  Salts. — The  H  leaves  the  body  chiefly  in  the  form 
of  water — a  part,  however,  is  in  combination  in  other  excreta ;  the  0  is  chiefly 
excreted  as  CO2  and  water ;  a  little  is  given  off  in  combination  in  other  excreta  ; 
water  is  given  off  by  evaporation  from  the  lungs  and  skin,  and  also  in  the  urine 
and  faeces.  As  H  is  oxidised  to  HgO,  more  water  is  excreted  than  is  taken  in. 
Most  of  the  readily  soluble  salts  are  given  off  by  the  urine ;  the  less  soluble  salts, 
especially  those  of  potash,  and  the  insoluble  salts,  in  the  faeces  ;  while  others  are 
given  off"  in  the  sweat.  Of  the  sulphur  of  albumin,  about  one-half  is  excreted  in 
the  sulphur  compounds  in  the  urine,  and  the  other  half  in  the  faeces  (taurin)  and 
in  the  epidermal  tissues. 

Every  organism  has  a  minimum  and  a  maximum  limit  of  metabolism,  according 
to  the  amount  of  work  done  by  the  body  and  its  weight.  If  less  food  be  given 
than  is  necessary  to  maintaiii  the  former,  the  body  loses  weight ;  while,  if  more 
be  given  after  the  maximum  limit  is  reached,  the  food  so  given  is  not  absorbed,  but 
remains  as  a  floating  balance,  and  is  given  off  with  the  faeces.  When  food  is 
liberally  supplied,  and  the  weight  increases,  of  course  the  minimum  limit  rises  ; 
hence,  during  the  process  of  "  feeding  "  or  "  fattening  "  the  amount  of  food  necessary 
is  very  much  greater  than  in  poorly  fed  animals,  for  the  same  increase  of  the  body- 
weight.  By  continuing  the  process  a  condition  is  at  last  reached  in  which  the 
digestive  organs  are  just  sufficient  to  maintain  the  existing  condition,  but  cannot 
act  so  as  to  admit  of  new  additions  being  made  to  the  body-weight  {v.  Bischoff,  v. 
Voit,  V.  Pettenkofer). 

By  the  term  "  luxus  consumption"  is  meant  the  direct  combustion  or  oxidation 
of  the  superfluous  food-stuffs  absorbed  by  the  blood.  This,  however,  does  not  exist. 
On  the  contrary,  the  material  in  the  juices  is  always  being  used  for  building  up 
the  tissues.  The  albumin  found  in  the  fluids,  which  everywhere  permeate  the 
tissues,  has  been  called  "circulating  albumin,"  and  according  to  v.  Yoit  it  under- 
goes decomposition  sooner  than  the  organised  or    organic  albumin"  which  forms 
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an  integral  part  of  the  tissue.  According  to  v.  Yoit,  in  24  hours  1  per  cent,  of 
the  organic  and  70  per  cent,  of  the  circulating  albumin  is  used  up. 

[Liebig  taught  that  the  nitrogenous  metabolism  of  the  body  depended  on  a  corresponding 
decomposition  of  the  proteids  of  the  organs,  so  that  the  proteids  in  the  food  supplied  the  place 
of  the  proteids  of  the  organs  thus  used  up.  He  called  the  proteids  "plastic  foods"  or  "  tissue- 
formers,"  while  he  regarded  the  fats  and  carbohydrates  as  "respiratory  foods,"  as  he  supposed 
that  they  alone  were  concerned  in  the  evolution  of  heat.  As  a  matter  of  fact,  experiment 
proved  that  the  N  metabolism  is  to  a  large  extent  independent  of  the  proteids  of  the  food.  The 
luxus-consumption  theory  was  invented  to  explain  this.  It  simply  means,  that  proteids  taken 
with  the  food  not  only  replace  the  amount  of  proteids  which  have  been  decomposed  during  the 
activity  of  organs  and  tissues,  but  that  any  excess  is  immediately  consumed  without  being  con- 
verted into  tissue,  and  thus  this  surplus  amount  giving  rise  to  heat  by  being  oxidised,  to  a  certain 
extent  replaces  the  fats  and  carbohydrates.  Voit  tried  to  show  that  nitrogenous  metabolism 
is  not  influenced  by  the  activity  of  the  organism,  and  that  in  ordinary  conditions  only  a 
small  amount  of  the  organic  albumin,  i.e.,  that  composing  tissues  and  organs,  undergoes 
decomposition,  while,  owing  to  the  action  of  the  cellular  elements  of  the  tissue,  a  large  amount 
of  the  circulating  albumin  is  split  up,  so  that,  under  ordinary  conditions,  the  organic  albumin  is 
comparatively  stable.  This  view,  he  thought,  gained  support  from  a  comparison  of  the  urea 
excreted,  for  the  urea  may  be  taken  as  an  index  of  the  N  metabolism  in  well-fed,  fasting,  and 
starving  animals,] 

[It  is  highly  doubtful,  however,  whether  we  can  draw  a  sharp  distinction  between  "tissue 
proteids"  and  "circulating  proteids"  as  fulfilling  two  different  functions.  Formerly  the  blood 
was  supposed  to  be  the  seat  of  oxidation,  but  we  have  seen  reason  to  believe  that  these  pro- 
cesses occur  in  the  tissues.  This  being  so,  it  seems  evident  that  the  food  does  not  undergo 
decomposition  or  katabolic  changes  until  it  has  been  assimilated,  or  become  part  and  parcel  of 
the  living  tissues,  so  that  the  metabolic  products  are  not,  as  a  rule,  derived  from  tlie  food 
direct,  but  from  the  activity  of  the  living  tissues.  If  an  increased  quantity  of  food  be  taken, 
the  excretion  of  Avaste  products  is  also  increased.  On  Voit's  doctrine  of  "tissue  proteids  "  and 
"circulating  proteids,"  part  of  the  proteid  was  supposed  to  pass  into  the  blood,  and  not  to  be 
built  up  into  tissues  at  all,  but  was  oxidised  directly  in  the  blood  to  yield  heat  only.  The 
theory  of  "luxus-consumption"  was  invented  by  Voit  to  account  for  this  supposed  process, 
because  it  seemed  a  wasteful  expenditure  of  proteids.  This  theory,  however,  has  found  but 
little  favour,  as  so  many  facts  are  against  it  ;  for  the  formation  of  metabolites  seems  to  be 
essentially  a  function  of  living  material,  viz.,  the  living  tissues  and  organs  of  the  body.] 

Quality  and  Quantity  of  the  Diet  for  a  healthy  adult. — As  far  as  his  organisation 
is  concerned,  man  belongs  to  the  omnivorous  animals,  ^'.e.,  those  that  can  live  upon 
a  mixed  diet.  For  an  adequate  diet  man  requires  for  his  existence  and  to  main- 
tain health  a  mixture  of  the  following  four  chief  groups  of  food-stuffs,  along  with 
the  necessary  relishes  ;  none  of  them  must  be  absent  from  the  food  for  any  length 
of  time.    They  are  : — 

1,  Water— for  an  adult  in  his  food  and  drink,  2700  to  2800  grms.  (70  to  90  oz. 
daily  (§  229  and  §  247,  1). 

[Thirst. — The  needs  of  the  economy  for  water  are  expressed  by  the  sensation  of  thirst.  The 
sensation  of  heat  and  dryness  may  be  confined  to  the  tongue,  mouth,  and  fauces,  and  indeed 
maybe  excited  by  inhaling  dry  air.  This  local  thirst  may  be  allayed  by  swallowing  water  or 
by  eating  substances  which  excite  the  secretion  of  saliva.  More  frequently,  however,  the 
sensation  is  the  expression  of  a  general  condition  indicating  the  diminution  of  water  in  the 
tissues  ;  or  it  may  be  due  to  excess  of  saline  matters  in  the  blood.  In  some  diseases  this  sensation 
is  very  intense,  e.g.,  diabetes.  If  water  be  injected  into  the  blood-vessels,  or  stomach,  both  the 
general  and  local  thirst  are  abolished,  even  although  no  water  enters  the  mouth.] 

2,  Inorganic  substances  or  Salts  are  an  integral  part  of  all  tissues,  and  without 
them  the  tissues  cannot  be  formed.  They  occur  in  ordinary  food.  The  addition 
of  too  much  salt  increases  the  consumption  of  water,  and  this  in  turn  increases  the 
transformation  of  N  in  the  body.  If  an  animal  be  deprived  of  salts,  nutrition  is 
interfered  with ;  food  deprived  of  its  lime  affects  the  formation  of  the  bones  ;  de- 
prival  of  common  salt  causes  albuminuria  (247,  A,  III).  The  alkaline  salts  serve 
to  neutralise  the  sulphuric  acid  formed  by  the  oxidation  of  the  sulphur  of  the  pro- 
teids. Iron,  which  is  so  essential  for  the  formation  of  blood,  exists  in  animals  and 
plants  in  combination  with  complex  organic  bodies. 

Only  in  times  of  famine  is  man  driven  to  eat  large  quantities  of  inorganic  substances,  to 
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extract  the  organic  matter  mixed  therewith.  A.  v.  Humboldt  states,  in  regard  to  the  inhabit- 
ants of  the  Orinoco,  that  they  eat  a  kind  of  earth  which  contains  innumerable  infusoria. 

3.  At  least  one  animal  or  vegetable  allDiiminous  body  or  proteid  (§§  248,  250). 
The  Proteids  are  required  to  replace  the  used-up  nitrogenous  tissues,  e.g.,  for 
muscles.    They  contain  15-18  per  cent.  i^. 

The  Proteids  in  blood  =  20 '56  per  cent. ;  muscles,  19*9  percent.;  liver,  1174  per  cent.;  brain, 
8-63  per  cent.;  blood-plasma,  7*5  per  cent.;  milk,  3*94  per  cent.;  lymph,  2-46  per  cent. 
According  to  Pflüger  and  Bohland,  a  youth  of  full  stature,  and  62  kilos.  [136  lbs.]  weight,  de- 
composes 89*9  grms.  of  albumin  daily. 

Asparagin,  in  combination  with  gelatin,  can  replace  albumiu  in  the  food  (  Wciske),  while 
asparagin  alone  limits  the  decomposition  of  albumin  in  herbivora  but  not  in  Carnivora  [J.  Münk). 
Ammoniacal  salts,  glycocoll,  sarkosin,  and  benzamid  increase  with  the  amount  of  albumin  in 
the  body. 

4.  At  least  one  fat  (§  251),  or  a  digestible  carbohydrate  (§  252).  These  chiefly 
serve  to  replace  the  transformed  fats  and  non-nitrogenous  constituents.  Owing  to 
the  large  amount  of  C  which  they  contain,  when  they  undergo  oxidation,  they  form 
the-,  chief  source  of  the  heat  of  the  body  (§  206).  Fats  and  carbohydrates  may 
replace  each  other  in  the  food,  and  in  inverse  proportion  too,  corresponding  to 
the.  amount  of  C  which  each  contains.  As  far  as  the  mere  evolution  of  heat  is 
concerned,  100  parts  of  fat  =  25 6  of  grape-sugar  =  234  of  cane-sugar  =  221  of  dry 
starch  (Rubner).    A  man  consumes  210  grms.  fat  daily. 

[5.  Eveiy  proper  diet  ought  to  have  a  certain  degree  of  sapidity  or  flavour.  The  substances 
which  give  this  are  not  useful  in  the  evolution  of  energy  or  building  up  the  tissues,  but  they 
stimulate  the  nervous  system  and  excite  secretion.  They  are  called  "  Genussmittel "  (means 
of  enjoying  food)  by  the  Germans,  but  we  have  no  exact  equivalent  for  this  word  in  English, 
though  the  articles  themselves  are  included  under  our  expression  "condiments."  These  sub- 
stances are  the  aromatic  matter  in  roast  meat  (osmasome),  tea,  vinegar,  salt,  mustard,  pepper, 
&c.] 

[Condition  of  Diet  for  Health. — In  an  adequate  diet,  not  only  (1)  should  the 
total  quantity  of  food  be  sufficient  and  not  more  than  sufficient,  but  (2)  the  con- 
stituents should  exist  in  proper  proportions,  (3)  be  digestible,  and  (4)  the  whole 
should  be  in  good  condition,  wholesome,  and  not  adulterated  with  any  substance 
prejudicial  to  health,] 

With  regard  to  the  relative  proportions  of  the  various  kinds  of  food  which 
ought  to  be  taken,  experience  has  shown  that  the  diet  best  suited  for  the  l)ody 
must  contain  1  part  of  nitrogenous  foods  to  3^  or,  at  most,  4-|-  of  the  no7i-nitro- 
genous.  Looking  at  ordinary  foods  from  this  point  of  view,  we  see  how  far  they 
correspond  to  this  requirement,  and  how  several  substances  may  be  combined  to 
produce  a  satisfactory  diet. 

Nit.  Non-Nit.                                   Nit.  Non.-Nit.  Nit.  Non-Nit. 

1.  Veal,      .  .  10  1  8.  Pork,  .       .    10  30  14.  Barley-meal,  10  57 

2.  Hare's  flesh,  .  10  2  \  9.  Cow's  milk,     10  30  15.  White 

3.  Beef,      .  .  10  17  !  10.  Human  milk,    10  37  potatoes,  10  86 

4.  Lentils,  .  .  10  21  '  11.  Wheaten  j  16.  Blue    ,,     .  10  115 

5.  Beans,    .  .  10  22                 flour,       .10  46  17.  Rice,   .       .  10  123 

6.  Peas,      .  .  10  23  12.  Oat-meal,    .    10  50  18.  Buck-wheat- 

7.  Mutton,  .  .  10  27  i  13.  Rye-meal,    .    10  57  meal,      .  10  130 

An  examination  of  this  table  shows  that,  in  addition  to  human  milk,  wheat-flour  has  the 
right  proportion  of  nitrogenous  to  non-nitrogenous  substances.  A  man  who  tries  to  nourish 
himself  on  beef  alone  commits  as  great  a  mistake  as  the  one  who  would  feed  himself  on  potatoes 
alone.  Experience  has  taught  people  that  man  may  live  upon  milk  and  eggs,  but  that  in 
addition  to  flesh  Ave  must  eat  bread  or  potatoes,  while  pulses  require  fat  or  bacon. 

The  diet  varies  with  the  climate  and  with  the  season  of  the  year.  As  the 
organism  must  produce  more  heat  in  cold  latitudes,  the  inhabitants  of  northern 
climates  must  eat  more  non-nitrogenous  foods,  such  as  fats  and  sugars  or  starches, 
Avhich,  on  account  of  the  large  amount  of  C  they  contain,  are  admirably  adapted 
for  producing  heat  (§  214,  I.,  4). 
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The  graphic  representation  of  the  composition  of  foods  (fig,  293)  shows  the  re- 
lative proportions  of  the  most  important  food-stuffs,  and  how  they  vary  from  the 
standard  of  1  nitrogenous  to  3^  or  4|-  non-nitrogenous. 

The  absolute  amount  of  food-stuffs  required  by  an  adult  in  twenty-four  hours 


Animal  Foods. 


Albuminoids.     N-free  org.  bodies. 


62 


■■illlllllilliiiilllHIHIill- 


I 


55 


73 


I 


Fish. 


76 


11 


Egg. 


73,5 


Cow's 
milk. 


8ß 


Human 
milk. 


89 


«1!  a 


Vegetable  Foods. 


Wlieaten 
bread. 


Water.  Proteids.  Digestible.  Non-digcstiblc.  Salts. 

N-free  organic  bodies. 


Peas. 


5  H 


I 


Rice. 
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Potatoes. 


75 


iilHIiiiiW 


White 
Turnip. 


90,5 


■I 


Cauli- 
flower. 


90 


Beer. 


90 


Fig.  293. 
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depends  upon  a  variety  of  conditions.  As  the  food  represents  the  chemical 
reservoir  of  potential  energy,  from  which  the  kinetic  energy  (in  its  various  forms) 
and  the  heat  of  the  body  are  obtained,  the  absolute  amount  of  food  must  be 
increased  when  the  body  loses  more  heat,  as  in  winter,  and  Avhen  more  muscular 
activity  (work)  is  accomplished.  As  a  general  rule,  an  adult  requires  daily 
130  grams  proteids,  84  grams  fats,  404  grams  carbohydrates,  and  30  grams 
salts. 
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A  Heai,thy  Adult  requires  in  24  Hours  of  water-free  solids 


Food  in  Grams. 

At  Rest 

Moderate  \ 
Work  1 
{Moleschott). 

Proteids,  

Fats,  

Carbohydrates  (Sugar,  Starcli,  &c.), 

70-87 
28-35 
310-20 
14-00 

130 
84 

404 
30 

Laborious  Work. 


{Play fair). 

155-92 
70-87 

597-50 
4U-00 


(f.  Pettenkofei 
and  V.  Voit.) 


137 
117 

352 
40 


[When  we  record  these  numbers  in  ounces  we  get  the  following  results  as  water- 
free  solids  required  by  an  average  man  {ParJres)  : —  


Proteids,  . 
Fats, 

Carbohydrates, 
Salts,  *  . 


Total  water-free  food, 


At  Rest. 

j     Ordinary  Work. 

Laborious  Work, 

2-5 

4-6 

6    to  7 

1-0 

i  3-0 

3-5  to  4-5 

12-0 

;  14-4 

16    to  18 

0-5 

i  _ 

1-2  to  1-5 

16-0 

23-0 

26  -7  to  31-0 

During  ordinary  work  the  proportion  is  about : — 

Proteids  1  :  fats  0*6  :  carbohydrates  3-0, 
i.e.,  1  nitrogenous  to  3*6  non-nitrogenous.] 

[In  a  diet  for  ordinary  work  (23  oz.  of  dri/  solids)  a  man  takes  about  part 
of  his  own  weight  daily  ;  ordinary/  food,  however,  as  it  is  consumed,  contains  be- 
tween 50  and  60  per  cent,  of  water  ;  if  we  add  this  proportion  of  water  to  the 
actually  dry  food,  we  get  48  to  60  oz.  of  ordinary  food  (exclusive  of  liquids).  But 
we  consume  50  to  80  oz.  of  water  in  some  liquid  form,  making  the  total  amount  of 
water  70  to  90  oz.  (Parkes).] 

The  following  tables  show  the  elementary  composition  of  the  income  and  ex- 
penditure : — 

An  Adult  doing  a  Moderate  Amount  of  Work  takes  in  :— 


c. 

H. 

N. 

0. 

.120  grams  albumin,  containing  . 
90     ,,  fats, 
330  starch. 

.  I  64-18 
70-20 
.  i  146-82 

1 

8-60 
10-26 
20-33 

18-88 

28-34 
9-54 
162-85 

281-20 

39-19 

18-88 

200-73 

Add  744-11  grm.  0  from  the  air  by  respiration. 
2818  H2O. 

32  Inorganic  compounds  (salts). 

The  whole  is  equal  to  31  kilos.  [7  lbs.],  about  of  the  body-weight;  so 
that  about  6  per  cent,  of  the  water,  about  6  per  cent,  of  the  fat,  about  1  per  cent, 
albumin,  and  about  0-4  per  cent,  of  the  salts  of  the  body,  are  daily  transformed 
within  the  organism. 

An  Adult  doing  a  Moderate  Amount  of  Work  gives  off  in  grams  :— 


Water. 

C. 

H. 

N.       !  0. 

By  respiration,  .... 
Perspiration,  .... 

Urine,  

Faeces,  

330 
660 
1700 
128 

248-8 
2-6 
9-8 
20-0 

3-3 
3-0 

?  651-15 
7-2 

15-8     !  11-1 
3-0     1  12-0 

2818 

281-2 

6-3 

18-8  681-45 
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Add  to  this  (besides  2818  grams  water  as  drink)  296  grams  water  formed  in  the  body  by  the 
oxidation  of  H.  These  296  grams  of  water  contain  34*89  grms.  H,  and  263*41  grms.  0  ;  26 
grms.  of  salts  are  given  off  in  the  urine,  and  6  by  the  fteces.  96 '5  grms.  of  proteid  (  =  1'46  grm. 
per  kilo.)  are  used  up  by  a  resting  adult  in  twenty-four  hours  ;  but  while  working  107 "6  grms. 
are  used.    Nominally  2*3  times  as  much  fat  as, albumin  are  used  up. 

The  investigations  of  the  Munich  School  have  shown  that  the  following  numbers  represent 
the  minimuni  amount  of  food  necessary  for  different  ages  : — 


Age.  Nitrogenous. 

Fat. 

Carbohydrates. 

Child  until  1^  year,  

from  6  to  15  years,  .... 

Man  (moderate  work),  .... 

Woman          ,,  .... 

Old  man,  ....... 

Old  woman,  ...... 

20-36  grms. 
70-80 
118  ,, 

92 
100 
80  ,, 

30-45  grms. 
37-.50  ,, 
56 

44  ., 

68  ,, 
50 

60-90  grms. 
250-400  ,, 
500 

400  ,, 
350 

260  ,, 

Small  animals  have  a  more  lively  metabolism  than  large  ones.  In  small  animals  the  decom- 
position of  albumin  per  unit  weight  of  body  is  greater  than  in  large  animals  {v.  Voit).  Small 
animals  as  a  rule  consume  more  proteid  than  larger  ones,  because  they  generally  have  less  bodily 
fat  (Hubner). 

[Influence  of  work  on  the  Metabolism. — When  muscular  work  is  done  in  the 
body,  there  is  a  much  greater  decomjDOsition  of  non-nitrogenous  substances  in  the 
body,  the  carbohydrates  of  muscle  and  the  fats  of  the  body  are  used  up,  and  after 
they  are  largely  decomposed  the  muscular  tissue  itself  is  used  up.  Pettenkofer  and 
Voit  found  in  an  individual  Aveighing  70  kilos  (147  lbs.)  that  his  diet  (mixed  diet) 
at  rest  was 


Proteids,  . 
Fats, 

Carbohydrates, 
Water, 


137  grams  ^Containing  19*5  grams  N. 
"      r         and  315-5     ,,  C. 


352 
2262 


and  he  excreted 


Gi-ams  N. 

Grams  C. 

Grams  Water. 

By  the  urine,  . 

17-4 

12-6 

1194 

2-1 

14-5 

94 

,,      respiration,  . 

309-2 

1412 

Total, 

19-5 

336-3 

2700  c.c. 

So  that  his  body  was  in  IN"  -  equilibrium  and  he  gave  off  also  438  grams  of  water 
and  20-8  grams  of  C  =  28  grams  of  fat.  When,  however,  he  did  a  large  amount 
of  work  he  took  the  same  amount  of  proteids  and  carbohydrates,  but  nearly  double 
as  much  fat  (§  294).] 

Relation  of  N  to  C  in  Foods  and  Dietaries. — In  most  of  the  ordinary  articles 
of  diet,  nitrogenous  and  non-nitrogenous  substances  are  present,  but  in  very  varying 
proportion,  in  the  different  foods.  Man  requires  that  these  shall  be  in  the  propor- 
tion of  1  :  3|  to  1 :  4^.  If  food  be  taken  in  which  this  proportion  is  not  observed, 
in  order  to  obtain  the  necessary  amount  of  that  substance  which  is  contained  in 
too  small  proportion  in  his  food,  he  must  consume  far  too  much  food.  In  order 
to  obtain  the  130  grams  of  proteids  necessary  a  person  must  use 

Cheese,       .       .    388  grms.      Beef,        .       .    614  grms.      Rice,     .       .       2562  grms. 
Lentils,      .       .    491     ,,         Eggs,        .       .    968     ,,         Rye-bread,     .  2875 
Peas,  .       .       .    582  Wheat-bread,    .  1444     ,,         Potatoes,       .    10,000  ,, 

provided  he  were  to  take  only  one  of  these  substances  as  food ;  so  that  if  a  work- 
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man  were  to  live  on  potatoes  alone,  in  order  to  get  the  necessary  amount  of  K  he 
would  have  to  consume  an  altogether  excessive  amount  of  this  kind  of  food. 

To  obtain  the  448  grams  of  carbohydrates,  or  the  equivalent  amount  of  fat 
necessary  to  support  him,  a  man  must  eat 


Eice,  . 

Wheat-bread 

Lentils, 


572  grms. 

625 

806 


819  grms. 
902 

930  ,, 


Cheese,  . 
Potatoes, 
Beef,  . 


2011  grms. 
2039  ,, 
2261  ,, 


Peas, 
I  Eggs, 
I  Rye-bread, 

so  that  if  he  were  to  live  upon  cheesö  or  flesh  alone,  he  would  require  to  eat  an 
enormous  amount  of  these  substances. 

In  the  case  of  herbivora,  the  proportion  of  nitrogenous  to  non-nitrogenous  food  necessary  is 
1  of  the  former  to  8  or  9  parts  of  the  latter. 

Lastly,  all  the  nutrient  material  is  not  necessarily  digested  and  absorbed  in  the 
intestinal  tract ;  on  the  contrary,  there  always  remains  an  undigested  or  unused 
residue  which  is  evacuated  with  the  fseces.  The  yield  of  dry  substance,  with  rice 
as  a  food,  is  4-1  per  cent.;  white  bread,  4-5;  flesh,  5-2;  egg,  5-2;  milk,  9; 
potatoes,  9-4;  peas,  11-8;  beans,  18-3;  and  black  bread,  15  {Prausmtz) 
(§  185,  2). 

237.  HUNGER  AND  STAEVATION.— If  a  warm-blooded  animal  be  deprived 
of  all  food,  it  must,  in  order  to  maintain  the  temperature  of  its^  l3ody  and  to  pro- 
duce the  necessary  amount  of  mechanical  work,  transform  and  utilise  the  potential 
energy  of  the  constituents  of  its  own  body.  The  result  is  that  its  body-weight 
diminishes  from  day  to  day,  until  death  occurs  from  starvation. 

The  following  table,  from  Bidder  and  Schmidt,  shows  the  amounts  in  grams  of  the  different 
excreta  in  the  case  of  a  starved  cat : — 


Day. 

Body- 
Aveiglit. 

Water 
taken. 

Urine. 

Urea. 

Inorganic 
Substances 
in  Urine. 

Dry 
Faeces. 

Expired  C. 

Water  in 

Urine 
and  Feeces. 

1. 

2464 

98 

7-9 

1-3 

1-2 

13-9 

91-4 

2. 

2297 

11 -5 

54  , 

5-3 

0-8 

1-2 

12-9 

50-5 

3. 

2210 

45 

4-2 

0-7 

1-1 

13 

42-9 

4. 

2172 

68"2 

45 

3-8 

0-7 

1-1 

12-3 

43 

5. 

2129 

55 

4-7 

0-7 

1-7 

11-9 

54-1 

6. 

2024 

44 

4-3 

0-6 

0-6 

11-6 

41-1 

7. 

1946 

40 

3-8 

0-5 

0-7 

11 

37-5 

8. 

1873 

42 

3-9 

0-6 

1-1 

10-6 

40 

9. 

1782 

15 -2 

42 

4 

0-5 

1-7 

10-6 

41-4 

10. 

1717 

35 

3-3 

0-4 

1-3 

10-5 

34 

11. 

1695 

4" 

32 

2-9 

0-5 

1-1 

10-2 

30-9 

12. 

1634 

22-5 

30 

2-7 

0-4 

1-1 

10-3 

29-6 

13. 

1570 

7-1 

40 

3-4 

0-5 

0-4 

10-1 

36-6 

14. 

1518 

41 

3-4 

0-5 

0-3 

9-7 

38 
38-4 

15. 

1434 

41 

2-9 

0-4 

0-3 

9-4 

16. 

1389 

48 

3 

0-4 

0-2 

8-8 

45-5 

17. 

1385 

28 

1-6 

0-2 

0-3 

7-8 

26-6 

18. 

1267 

... 

13 

0-7 

0-1 

0-3 

6-1 

12-9 

-1197 

131-5 

773 

65-8 

9-8 

15-7 

199-7 

734-4 

The  cat  lost  1197  grms.  in  weight  before  it  died,  and  this  amount  is  apportioned 
in  the  following  way  :— 204-43  grms.  (  =  17-01  per  cent.)  loss  of  albumin  ;  132-75 
grms.  (  =  11  -05  per  cent.)  loss  of  fat ;  863-82  grms.  loss  of  water  {  =  71-91  per  cent, 
of  the  total  body-weight  lost). 

Methods. -^In  order  to  investigate  the  condition  of  inanition  it  is  necessary— (1)  to  weigh  the 
animal  daily  ;  (2)  to  estimate  daily  all  the  C  and  N  given  off"  from  the  body  m  the  faeces,  nrme, 
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and  expired  air.  The  N  and  C,  of  course,  can  only  be  obtained  from  the  decomposition  of 
tissues  containing  them. 

Amongst  the  general  phenomena  of  inanition,  it  is  found  that  strong  well-nourished  dogs 
die  after  4  weeks,  man  after  21  to  24  days — (6  melancholies  who  took  water  died  after  41  days)  ; 
small  mammals  and  birds  9  daySj  and  frogs  9  months.  Vigorous  adults  die  when  they  lose  ^\ 
of  their  body-weight,  but  young  individuals  die  much  sooner  than  adults.  The  symptoms 
are  obvious  : — The  mouth  is  dry,  the  walls  of  the  alimentary  canal  become  thin,  and  the  diges- 
tive secretions  cease  to  be  formed  ;  pulse-beats  and  respirations  are  fewer  ;  urine  very  acid  from 
the  presence  of  an  increased  amount  of  sulphuric  and  phosphoric  acids,  whilst  the  chlorine 
compounds  rapidly  diminish  and  almost  disappear.  The  blood  contains  less  water  and  the 
plasma  less  albumin,  the  gall-bladder  is  distended,  which  indicates  a  continuous  decomposition 
of  blood-corpuscles  within  the  liver.  The  liver  is  small  and  very  dark  coloured,  the  muscles 
are  very  brittle  and  dry,  so  that  there  is  a  great  muscular  weakness,  and  death  occurs  with  the 
signs  of  great  depression  and  coma. 

Metabolism  during  inanition. — The  relations  of  the  metabolism  are  given  in 
the  foregoing  table ;  the  diminution  in  the  excretion  of  urea  is  much  greater 
than  that  of  CO2,  which  is  due  to  a  larger  amount  of  fats  than  proteids  being 
decomposed.  According  to  the  calculation,  there  is  daily  a  tolerably  constant 
amount  of  fat  used  up,  while,  as  starvation  continues,  the  proteids  are  decomposed 
in  much  smaller  amounts  from  day  to  day,  although  the  drinking  of  water  accel- 
erates their  decomposition. 

[Excretion  of  urea  during  inanition. — The  above  data  shows  that  the  urea  excreted  falls 
decidedly  during  the  first  few  days,  then  it  falls  to  a  minimum,  and  for  several  days  it  remains 
pretty  constant,  and  then  it  quickly  falls,  when  the  symptoms  of  approaching  death  supervene. 
Sometimes  a  rise  in  the  quantity  excreted  takes  place  when  all  the  fats  are  used  up.] 

Loss  of  Weight  of  Organs. — It  is  of  importance  to  determine  to  what  ex- 
tent the  individual  organs  and  tissues  lose  weight:  some  undergo  simple  loss 
of  weight,  e  g.,  the  bones;  the  fat  undergoes  very  considerable  and  rapid  decom- 
position, while  other  organs,  as  the  heart,  undergo  little  change,  because  they 
seem  to  be  able  to  nourish  themselves  from  the  transformation  products  of  other 
tissues. 


A  starving  cat,  according  to  v.  Voit,  lost — 


Per  cent. 

Per  cent,  of 

Per  cent. 

Per  cent,  of 

originally 

the  total  loss  of 

originally 

the  total  loss  of 

present. 

body-weight. 

present. 

hody-weight. 

1. 

Fat,  . 

97 

26-2 

10. 

Lungs, 

17-7 

0-3 

2, 

Spleen, 

66-7 

0-6 

11. 

Pancreas,  . 

17-0 

O'l 

3.' 

Liver, 

53-7 

4-8 

12. 

Bones, 

13-9 

5-4 

4. 

Testicles, 

40-0 

0-1 

13. 

Central  Nervous 

5. 

Muscles, 

30-5 

42-2 

System  . 

3-8 

0-1 

6. 

Blood, 

37-0 

3-7 

14. 

Heart, 

2-6 

0-02 

7. 

Kidneys, 

25-9 

0-6 

15. 

Total  loss  of  the 

8. 

Skin, 

20-6 

8-8 

rest   of  the 

9. 

Intestine,  . 

18-0 

2-0 

body, 

36-8 

5-0 

There  is  a  very  important  difference  according  as  the  animals  before  inanition 
have  been  fed  freely  on  flesh  and  fat  [i.e.,  if  they  have  a  surplus  store  of  food 
within  themselves],  or  as  they  have  merely  had  a  subsistence  diet.  Well-fed 
animals  lose  weight  much  more  rapidly  during  the  first  few  days  than  on  the  later 
days.  Y.  Voit  thinks  that  the  albumin  derived  from  the  excess  of  food  occurs  in 
a  state  of  loose  combination  in  a  body  as  "circulating"  or  ^'storage-albumin,"  so 
that  during  hunger  it  must  decompose  more  rapidly  and  to  a  greater  extent  than 
the  "organic  albumin,"  which  forms  an  integral  part  of  the  tissues  (§  236). 
Further,  in  fat  individuals,  the  decomposition  of  fat  is  much  greater  than  in  slender 
persons. 

[Comparative. — Cold-blooded  animals  live  much  longer  without  food  than  mammals  or  birds. 
Snakes  may  live  half  a  year  and  frogs  nearly  a  year  without  food.  Dogs  may  survive  for  4 
weeks,  cats  and  horses  for  3  weeks  without  food  or  drink,  especially  if  they  are  quiet,  and  not 
called  upon  to  make  any  exertion.  It  is  remarkable  that  small  mammals,  guinea-pigs  and  rats 
survive  only  for  a  few  days  (3-9) rabbits  even  19  days.    If  water  be  given,  however,  the  animals 
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survive  longer,  dogs  for  4  weeks,  man  4  or  5  weeks,  and  the  dog  even  9  weeks.  Quite  young 
animals  die  quickei-  than  adults  {MimJc).  As  to  a  human  being  many  factors  have  to  be  taken 
into  account, — age  (old  persons  withstand  withdrawal  of  food  best),  amount  of  muscular  work 
done,  the  condition  of  the  atmosphere,  whether  it  is  moist  and  saturated  with  watery  vapour  or 
otherwise  ;  temperature  of  the  surroundings,  &c.  As  a  rule,  complete  abstinence  from  food  and 
drink  cannot  be  supported  for  more  than  8-10  days,  although  there  are  exceptional  cases  on 
record  where  life  has  been  sustained  for  foity  days  without  food,  water,  however,  being  taken. 
Total  deprivation  of  food  in  man  usually  causes  death  in  the  third  week.] 

Zuntz  and  Lehmann,  experimenting  on  the  fasting  man  Cetti,  found  that  the  consumption  of 

0  and  the  production  of  CO2  with  reference  to  the  unit  of  body-weight  very  rapidly  reached  a 
minimum,  under  which  it  did  not  fall,  although  the  person  continued  to  starve.  As  a  mean 
the  0  consumed  on  the  3rd  to  6th  day  of  starvation  =  4  "GS  c.c.  per  minute  per  kilo.  The 
respiratory  metabolism  diminished  very  slowly,  but  not  in  proportion  to  the  loss  of  body- 
weight.  At  the  beginning  of  starvation  the  CO2  fell  more  rapidly  than  the  O  consumed.  The 
respiratory  quotient  was  0-67.    The  urea  diminished  from  1-10  hunger  days  Irom  29  to  20  grams. 

238.  METABOLISM  ON  A  PURELY  FLESH  DIET.— A  man  is  not  able  to 
maintain  his  metabolism  in  equilibrimn  on  a  purely  flesh  diet ;  if  he  were  compelled 
to  live  on  such  a  diet,  he  would  succumb.  The  reason  is  obvious.  In  beef  the 
proportion  of  nitrogenous  to  non-nitrogenous  elementary  constituents  of  food  is 

1  :  1"7  (p.  441).  A  healthy  person  excretes  380  grams  [8  to  9  oz.]  of  carbon  in  the 
form  of  CO2,  in  the  expired  air,  and  in  the  urine  and  faeces.  If  a  man  is  to  obtain 
280  grams  C  from  a  flesh  diet  he  must  consume — digest  and  assimilate — more 
than  2  kilos.  [4*4  lbs.]  of  beef  in  twenty-four  hours.  But  our  digestive  organs  are 
unequal  to  this  task  for  any  length  of  time.  The  person  is  soon  obliged  to  take 
less  beef,  which  would  necessitate  the  using  of  his  own  tissues,  at  first  the  fatty 
parts,  and  afterwards  the  proteid  substances. 

A  carnivorous  animal  (dog),  whose  digestive  apparatus,  being  specially  adapted  for  the 
digestion  of  flesh — a  short  intestine  and  powerfully  active  digestive  fluids — can  only  main- 
tain its  metabolism  in  a  state  of  equilibrium  when  fed  on  a  flesh  diet  free  from  fat,  provided  its 
body  is  already  well  supplied  with  fat,  and  is  muscular.  It  consumes  -^V  to  -^-^  part  of  the 
weight  of  its  body  in  flesh,  so  that  the  excretion  of  urea  increases  enormously.  If  it  eats  a 
larger  amount,  it  may  "put  on  flesh,"  when  of  course  it  requires  more  to  maintain  itself 
in  this  condition,  until  the  limit  of  its  digestive  activity  is  reached.  If  a  well-nourished  doo-  is 
fed  on  less  than  -^V  to  of  its  body-weight  of  flesh,  it  uses  part  of  its  own  fat  and  muscle, 
gradually  diminishes  in  weight,  and  ultimately  succumbs.  Poorly  fed,  non-muscular  dogs  are 
unable  from  the  very  beginning  to  maintain  their  metabolism  in  equilibrium  for  any  length  of 
time  on  a  purely  flesh  diet,  as  they  must  eat  so  large  a  quantity  of  flesh  that  their  digestive 
organs  cannot  digest  it.  The  herbivora  cannot  live  upon  flesh  food,  as  their  digestive  appa- 
ratus is  adapted  solely  for  the  digestion  of  vegetable  food. 

[The  proteid  metabolism  depends  (1)  on  the  amount  of  proteids  ingested,  for 
the  great  mass  of  these  becomes  changed  into  circulating  albumin ;  (2)  upon  the 
previous  condition  of  nutrition  of  the  organism,  for  we  know  that  a  certain  amount 
of  proteid  may  produce  very  different  results  in  the  same  individual  when  he  is  in 
good  health,  and  when  he  has  suffered  from  some  exhausting  disease.    (3)  The 
use  of  other  foods,  e.g.,  fats  and  carbohydrates.    If  a  certain  amount  of  fat  be 
added  to  a  diet  of  flesh,  much  less  flesh  is  required,  so  that  the     metabolism  is 
reduced  by  fat.    This  is  spoken  of  as  the  "  albmnin-sparing  action  of  fats."] 
"  Exactly  the  same  result  occurs  with  other  forms  of  proteids,  as  with  flesh.  It 
has  been  proved  that  gelatin  may  to  a  certain  extent  replace  proteids  in  the  food 
in  the  proportion  of  2  of  gelatin  to  1  of  albumin.    The  Carnivora,  which  can 
maintain  their  metabolism  in  equilibrium  by  eating  a  large  amount  of  flesh,  can 
do  so  with  less  flesh  when  gelatin  is  added  to  their  food.    A  diet  of  gelatin  alone 
which  produces  much  urea,  is  not  sufficient  for  this  purpose,  and  animals  soon  lose 
their  appetite  for  this  kind  of  food. 

[Gelatin. — Voit  has  shown  that  gelatin  readily  undergoes  metabolism  in  the  body  and  forms 
urea,  and  if  a  small  quantity  be  taken,  it  is  completely  and  rapidly  metabolised.  When  ad- 
ministered it  acts  just  like  lats  and  carbohydrates  as  "an  "albumin-sparing"  substance.  It 
seems  that  gelatin  is  not  available  directly  for  the  growth  and  repair  of  tissues.]    Owing  to  the 
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great  solubility  of  gelatin,  its  value  as  a  food  used  to  be  greatly  discussed.  The  addition  of 
gelatin  in  the  forui  of  calf's-foot  jelly  is  recommended  to  invalids.  [When  a  large  amount  of 
gelatin  is  given  as  food,  owing  to  the  large  and  rapid  excretion  of  urea,  the  latter  excites 
diuresis.]  When  chondrin  is  given  along  with  flesh  for  a  time,  grape-sugar  is  found  in  the 
urine. 

[The  Metabolism  of  Peptones. — Most  of  the  proteids  absorbed  into  the  blood 
are  previously  converted  into  peptones  by  the  digestive  juices.  It  has  been  asserted, 
more  especially  by  Brücke,  that  some  albumin  is  absorbed  unchanged  (§  192,  4), 
and  that  only  this  is  capable  of  forming  organic  albumin,  while  the  peptones,  after 
undergoing  a  reconversion  into  albumin  as  they  pass  through  the  intestinal  wall, 
undergo  decomposition  as  such.] 

239.  A  DIET  OF  FAT  or  OF  CARBOHYDRATES.— If  fat  alone  be  given  as 
a  food,  the  animal  lives  but  a  short  time.  The  animal  so  fed  excretes  even  less 
urea  than  when  it  is  starving ;  so  that  the  consumption  of  fat  limits  the  decom- 
position of  the  animal's  own  proteids.  As  fat  is  easily  oxidised  in  the  body,  it 
yields  heat  chiefly,  and  becomes  sooner  oxidised  than  the  nitrogenous  proteids 
which  are  oxidised  with  more  difficulty.  If  the  amount  of  fat  taken  be  very  large, 
all  the  C  of  the  fat  does  not  reappear,  e.r/.,  in  the  CO2  of  the  expired  air ;  so  that 
the  body  must  acquire  fat,  whilst  at  the  same  time  it  decomposes  proteids.  The 
animal  thus  becomes  poorer  in  proteids  and  richer  in  fats  at  the  same  time. 

[The  metabolism  of  fats  is  not  dependent  on  the  amount  of  fats  taken  with  the 
food.  1.  It  is  largely  influenced  by  work,  i.e.,  by  the  activity  of  the  tissues,  and 
in  fact  with  muscular  work  CO2  is  excreted  in  greatly  increased  amount  (§  126,  6). 
2.  By  the  temperature  of  the  surroundings,  as  more  COg  is  produced  in  the  cold 
(§  214,  2),  and  far  more  fatty  foods  are  required  in  high  latitudes.  In  their  action 
on  the  organism,  proteids  and  fats  so  far  oppose  each  other,  as  the  former  increase 
the  Avaste,  and  therefore  oxidation,  while  the  latter  diminish  it,  probably  by  affect- 
ing the  metabolic  activity  of  the  cells  themselves  (Bauer).  As  a  matter  of  fact, 
fat  animals  or  persons  bear  starvation  better  than  spare  individuals.  In  the  latter, 
the  small  store  of  fat  is  soon  used  up,  and  then  the  albumin  is  rapidly  decomposed. 
For  the  same  reason  corpulent  persons  are  very  apt  to  become  still  more  so,  even 
on  a  very  moderate  diet.] 

When  carbohydrates  alone  are  given,  they  must  first  be  converted  by  digestion 
into  sugar.  The  result  of  such  feeding  coincides  pretty  nearly  with  feeding  with 
fat  alone.  But  the  sugar  is  more  easily  burned  or  oxidised  within  the  body  than 
the  fat,  and  17  parts  of  carbohydrate  are  equal  to  10  parts  of  fat.  Thus  the  diet 
of  carbohydrates  limits  the  excretion  of  urea  more  readily  than  a  purely  fat  diet. 
The  animals  lose  flesh,  and  appear  even  to  use  up  part  of  their  own  fat. 

[The  metabolism  of  carbohydrates  also  serves  to  diminish  the  proteid  meta- 
bolism, as  they  are  rapidly  burned  up,  and  thus  "  spare  "  or  "  economise "  the 
circulating  albumin.  But  Pettenkofer  and  Voit  assert  that  they  are  rapidly 
destroyed  in  the  body,  even  when  given  in  large  amount,  so  that  they  difi"er  from 
fats  in  this  respect.  They  are  more  easily  oxidised  than  fats,  so  that  they  are 
always  consumed  first  in  a  diet  of  carbohydrates  and  fat.  By  being  consumed 
they  protect  the  proteids  and  fats  from  consumption.] 

The  direct  introduction  of  grape-  and  cane-sugar  into  the  blood  does  not  increase  the  amount 
of  0  used,  but  the  amount  of  CO^  is  increased.  [The  doctrine  of  Liebig,  that  the  oxygen  taken 
in  is  a  measure  of  the  metabolic  processes,  is  refuted  by  these  and  other  experiments.  It 
would  seem  that  fat  is  not  directly  oxidised  by  0,  but  that  it  is  split  up  into  other  simpler 
compounds  which  are  slowly  and  gradually  oxidised  ;  in  fact,  fat  may  lessen  the  amount  of  0 
taken  in,  as  it  diminishes  waste.] 

240.  FLESH  AND   FAT,   or  FLESH  AND   CARBOHYDRATES.— An 

amount  of  flesh  equal  to  to  ot>  of  the  weight  of  the  body  is  required  to  nourish  a 
dog,  which  is  fed  on  a  purely  "flesh  diet ;  if  the  necessary  amount  of  fat  or  carbo- 
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hydrates  be  added  to  the  diet,  a  smaller  quantity  of  flesh  is  required  {v.  Voit).  For 
100  parts  of  fat  added  to  the  flesh  diet,  245  parts  of  dry  flesh  or  227  of  syntonin 
can  be  dispensed  with.  If  instead  of  fats  carbohydrates  are  added,  then  100  parts 
of  fat  =  230  to  250  of  the  latter  {Ruhner).  When  the  amount  of  flesh  is  insufficient, 
the  addition  of  fat  or  carbohydrates  to  the  food  always  limits  the  decomposition  of 
the  animal's  own  substance.  Lastly,  when  too  much  flesh  is  given  along  with 
these  substances,  the  weight  of  the  body  increases  more  with  them  than  without 
them.  Under  these  circumstances,  the  animal's  body  puts  on  more  fat  than  flesh. 
The  consumption  of  0  in  the  body  is  regulated  by  the  mixture  of  flesh  and  non- 
nitrogenous  substances,  rising  and  falling  with  the  amount  of  flesh  consumed.  It 
is  remarkable  that  more  0  is  consumed  when  a  given  amount  of  flesh  is  taken,  than 
when  the  same  amount  of  flesh  is  taken  with  the  addition  of  fat. 

It  seems  that,  instead  of  fat,  the  corresponding  amount  of  fatty  acids  has  the  same  effect  on 
the  metabolism.  [If  a  dog  be  fed  with  fatty  acids  and  a  sufficient  amount  of  proteid,  no  fatty 
acids  are  found  in  the  chyle,  while  fat  is  formed  synthetically,  the  glycerin  for  the  latter  pro- 
bably being  produced  in  the  body  (§  192).]  They  are  absorbed  as  an  emulsion  just  like  the  fats. 
When  so  absorbed,  they  seem  to  be  reconverted  into  fats  in  their  passage  from  the  intestine  to 
the  thoracic  duct  perhaps  by  the  action  of  the  epithelium  of  the  villi.  [Glycerin  in  small 
doses  has  no  effect  on  the  metabolism  of  proteid,  but  in  large  doses  it  increases  it.  It  is  con- 
sumed in  the  body,  as  shown  by  experiments  on  the  respiratory  products,  and  it  prevents 
a  certain  amount  of  fat  from  being  used  up.  About  20  per  cent,  is  excreted  in  the  urine 
(Arnschink).  The  administration  of  glycerin  to  rabbits  leads  to  accumulation  of  sugar  in  the 
liver  (p.  318),  but,  according  to  Ransom,  it  inhibits  the  formation  of  sugar  in  the  liver,  and 
thus  leads  to  the  accumulation  of  sugar  in  the  liver.  The  glycosuria  that  follows  injury  to  the 
floor  of  the  fourth  ventricle  is  prevented  by  glycerin,  and  so  is  the  post-mortem  change  of 
glycogen  into  sugar.] 

241.  STRUCTURE  OF  ADIPOSE  TISSUE  AND  ORIGIN  OF  FAT  IN  THE 
BODY. — [This  tissue  is  widely  distributed  in  the  body;  it  occurs  in  subcutaneous 
tissue  as  the  "panniculus  adiposus,"  around  many  organs,  such  as  the  kidney,  and 
especially  in  stall-fed  animals  around  the  pericardium,  in  the  omentum,  under  the 
epicardium,  in  the  yellow  marrow  of  bones,  orbital  cavities,  &c.  IS'one  is  found 
within  the  cranium,  or  in  the  subcutaneous  tissue  of  the  eyelids. 

It  is  a  great  storehouse  of  reserve 
material,  and  its  bulk  fluctuates  greatly. 
It  is  readily  formed,  and  it  may  be  very 
quickly  absorbed  again  should  the  needs 
of  the  economy  require  it. 

Adipose  tissue,  when  examined  micro- 
scopically, consists  of  little  bladders  or 
vesicles  filled  with  fat.  The  vesicles  may 
be  spherical  or  polyhedral  from  mutual 
pressure.  Each  cell  is  40-70  p.  in  dia- 
meter and  consists  of  a  thin  transparent 
cell-wall  or  envelope,  enclosing  a  large 
globule  of  fat,  which  almost  completely 
fills  the  cell  (fig.  294).  At  the  side, 
between  the  cell-wall  and  the  oil-globule, 
lies  the  nucleus,  surrounded  by  a  small 
quantity  of  protoplasm.  From  the 
nucleus  occupying  this  eccentric  position, 
and  when  the  whole  cell  is  seen  from  the 
side,  it  presents  an  appearance  somewhat 

like  a  signet-ring.  A  thin  shell  of  protoplasm  extends  round  the  cell  between 
the  envelope  and  the  globule  of  oil.  A  fat-cell,  therefore,  may  be  regarded  as  an 
altered  connective-tissue  corpuscle,  which  has  become  vacuolated,  and  in  the  single 
large  vacuole  fat  is  formed.    The  fat-cells  are  arranged  in  lobules,  and  the  cells 
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Fig.  294. 
Fat-cells  from  rabbit. 
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in  each  lobule  are  kept  together  by  a  small  quantity  of  connective-tissue.  The 
lobules  form  larger  polygonal  lobes.  At  least  one  artery  and  two  veins  are  con- 
nected with  a  lobule,  and  around  the  fat-cells  is  a  plexus  of  capillaries,  so  that  in 
its  general  arrangement  it  assumes  a  glandular  type.] 

[Effect  of  Reagents  on  Fat-cells. — The  envelopes  are  readily  brought  into 
evidence  by  dissolving  out  the  fat  by  means  of  hot  ether  or  alcohol.    The  nucleus 

is  stained  by  carmine  or  logwood,  while  the 
fat  itself  is  blackened  by  osmic  acid.  Some- 
times after  fat-cells  are  acted  on  by  glycerin, 
or  alcohol,  or  merely  after  they  are  removed 
from  the  body,  they  exhibit  a  radiate  arrange- 
ment of  crystals  of  margarine  (fig.  295).] 

[Development  of  Fat-cells. — Apparently 
they  are  derived  from  modified  connective- 
tissue  corpuscles.  The  corpuscles  at  first  are 
somewhat  spherical,  and  in  their  protoplasm 
small  droplets  of  oil  are  formed.  Gradually 
these  droplets  become  larger  and  more  nume- 
rous, the  cell  at  the  same  time  enlarging,  and 
hj  and  by  the  droplets  run  together  to  form 
295.  one  large  globule  of  oil,  so  that  the  remains  of 

Fat-cells  with  margarine  crystals.       the  protoplasm  and  the  nucleus  are  pushed  to 

one  side  immediately  under  the  cell- wall.  J 
[Effect  of  Starvation. — Starvation  rapidly  reduces  the  amount  of  fat  in  the 
body.  The  fat-cells  gradually  and  rapidly  yield  up  their  fat,  and  their  envelopes 
remain,  diminished,  however,  in  size.  The  protoplasm  may  grow  somewhat,  and 
in  it  appear  vacuoles  filled  with  a  fluid,  hence  these  now  altered  cells  are  called 
"  serous  fat-cells."] 

I.  I'^art  of  the  fat  of  the  body  is  derived  directly  from  the  fat  of  the  food,  i.e.,  it  is 
absorbed  and  deposited  in  the  tissues.  This  is  shown  by  the  fact  that,  with  a  diet 
containing  a  small  amount  of  albumin,  the  addition  of  more  fat  causes  the  deposi- 
tion of  a  larger  amount  of  fat  in  the  body  {v.  Voit,  Hofmann). 

[Hofmann  starved  a  fat  dog  for  30  days  imtil  all  its  fat  was  used  up.  He  fed  it  on  lard  and 
a  little  albumin  for  5  days  and  then  killed  it.  In  5  days  it  absorbed  1854  grms.  of  fat  and  254 
grms.  of  albumin.  It  added  to  its  body  1353  grms.  of  fat  ;  but  this  amount  could  not  be 
formed  from  the  proteids  of  the  food,  and  therefore  the  fat  must  have  come  from  the  fat  of  the 
food.  Pettenkofer  and  Voit  arrived  at  the  same  result  in  another  way.  They  fed  dogs  on  flesh 
and  much  fat,  and  by  their  respiration -apparatus  estimated  the  gaseous  income  and  expendi- 
ture (§  122).  All  the  N  taken  in  reappeared  in  the  excreta,  hut  not  all  the  0.  The  amount  of  C 
retained  was  very  large,  therefore  a  non-nitrogenous  residue  must  have  been  laid  up  in  the  body, 
and  it  could  only  be  fat,  as  this  was  the  only  substance  found  in  large  amount  in  the  body. 
They  estimated  the  possible  amount  of  fat  that  could  be  formed  from  the  proteids,  and  found  that 
the  amount  stored  up  was  far  greater  than  this  ;  so  that  the  fat  of  the  food  must  have  been 
stored  up  in  the  tissues.]  n   ,  . 

Lebedeff  found  that  dogs,  which  were  starved  for  a  month,  so  as  to  get  rid  of  all  their  own 
fat,  on  being  fed  with  linseed  oil,  or  mutton  suet  and  flesh,  had  these  fats  restored  to  their 
tissues.  These  fats,  therefore,  must  have  been  absorbed  and  deposited.  J.  Münk  found  the 
same  on  feeding  animals  with  rape-seed  oil.  Fatty  acids  may  also  contribute  to  the  formation 
of  fats,  as  glycerin  when  formed  in  the  body  must  be  stored  up  during  metabolism  (J.  Münk). 

Fatty  acids  may  contribute  to  the  formation  of  fats  by  union  with  the  glycerin  of  the  body 
during  the  metabolism  (p.  369). 

II.  A  second  source  is  the  new  formation  of  fats  from  albuminous  bodies. 

In  the  case  of  the  formation  of  fat  from  proteids,  which  may  yield  11  per  cent,  of 
fat  (according  to  Henneberg  100  parts  of  dry  albumin  can  form  51 '5  of  fats,  together 
with  33-45  urea,  and  274  COg),  these  proteids  split  up  into  a  non-nitrogenous 
and  a  nitrogenous  atomic  compound.  The  former,  provided  in  a  diet  containing 
much  albumin,  it  is  not  completely  oxidised  into  CO2  and  HgO,  is  the  substance 
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from  which  the  fat  is  formed— the  latter  leaves  the  body  oxidised  cliiefly  to  the 
stage  of  urea. 

Examples  -That  fats  are  formed  from  proteids  is  sliown  by  the  following  :-].  A  cow  which 
produces  1  lb.  of  butter  daily  does  not  take  nearly  this  amount  of  fatty  matter  in  its  food,  so 
that  the  tat  would  appear  to  be  formed  from  vegetable  proteids.  2.  Carnivora  crivincr  suck 
when  fed  on  plenty  of  flesh  and  some  fat,  yield  milk  rich  in  fat.  3.  Dogs  fed  with  plenty  of 
flesh  and  some  fat,  add  more  fat  to  their  bodies  than  the  fat  contained  in  the  food  4  Fattv 
degeneration,  e.g  of  nerve  and  muscle,  is  due  to  a  decomposition  of  proteids.  5  The  transfor- 
mation of  entire  bodies,  e.g.,  such  as  have  lain  for  a  long  time  surrounded  with  water  into  a 
mass  consisting  almost  entirely  of  palmitic  acid  or  adipocere  is  also  a  proof  of  the  transforma- 
tion of  part  of  the  proteids  into  fats.  6.  Fungi  are  also  able  to  form  fat  from  albumin  during 
their  growth.  [7.  In  starving  dogs,  Bauer  estimated  the  IT  and  CO,  given  off",  and  0  taken  in 
and  then  slowly  poisoned  them  with  phosphorus,  and  he  found  that  the  excretion  of  N  was 
increased  twofold  while  the  excretion  of  COo  and  the  absorption  of  0  were  diminished  one-half 
iherefore  from  a  large  amount  of  nitrogenous  tissue,  a  nitrogenous  body  and  a  small  amount  of 
a  carbonaceous  compound  were  excreted,  while  a  large  amount  of  a  non-nitrogenous  residue  was 
letained  unconsumed.  There  was  fatty  degeneration  of  all  the  organs,  the  fat  being  derived 
"  l^'^'^'^S^^'i^^^lP.^''^  t       P^'^^^^^-    The  same  obtains  with  arsenic  and  antimony.] 

Fats  not  merely  absorbed.  -Experiments  which  go  to  show  that  the  fat  of  animals,  during  the 
fattening  process,  is  not  absorbed  as  such,  from  the  food,  are  Fattening  occurs  with  flesh 

and  soaps  ;  it  is  most  improbable  that  the  soaps  are  transformed  into  neutral  fats  by  taking  up 

firZrL^lT^.-'t^^^Y^'-   h  pabnitin-  and  steadn^ 

soda-soap,  the  fat  of  its  body  contains,  m  addition  to  palmitin  and  stearin,  oleini^,  so  that  the 
W  wbP       ^      ^      the  organism  from  the  proteids  of  the  flesh.    Further,  Ssubotin  found 
l^ff.v  wl  f      r  'li^y?  lean  meat  and  spermaceti-fat,  a  very  small  amount  of  the 

bnr  V  JlA  f  ^^f /^^  of  the  animal.  Although  these  experiments  show  that  the  fat  of  the 
body  must  be  formed  from  the  decomposition  of  proteids,  they  do  not  prove  that  all  the  fat 
arises  in  this  way,  and  that  none  of  it  is  absorbed  and  redeposited  (§  241,  I.). 

III.  From  experiments  upon  fattening  warm-blooded  animals  (pig,  jroose,  doo-) 
however  Lawes  and  Gilbert,  Lehmann,  Heiden,  v.  Wolff,  and  others,  think  they 
are  entitled  to  conclude  that  the  carbohydrates  absorbed  are  directly  concerned  in 
the  lormation  of  fats,  a  view  which  is  supported  by  Henneberg,  B.  Schulze  and 
boxhlet.  Pigs  were  fed  by  Lawes  and  Gilbert  on  a  barge  excess  of  carbohydrates 
with  very  little  fat  and  albumin.  In  the  formation  of  fat,  the  converse  process 
takes  place,  as  compared  with  the  formation  of  glycogen  from  proteid  (S  174)  The 
molecular  group  CH  .  HO,  is  by  reduction  changed  into  CH^  {Pfliiger).  Suppose 
the  carbohydrate  (like  albumin)  to  be  decomposed  into  fat,  CO,  and  H,0,  then 
100  grms  starch  (  =1 1 1  -1  grms.  sugar)  at  most  will  yield  41  -4  grms.  fat,  47-5  grms. 
OO2  and  1 1-4  grms.  H^O  {Meisel).  According  to  Pasteur,  glycerin  (the  basis  of  neutral 
lats)  may  be  formed  from  carbohydrates. 

[Tschervvinsky  fed  two  siim^^^^^  I^o.  I.  weighed  7300  grms.-  TsTo  11 

7290  grms.    No  I.  was  killed,  and  its  fat  and  proteids  estimated,    lo.  II.  wal  fed  for  foiu- 
months  on  gmin  and  then  killed,  the  grain  and  excreta  and  the  undigested  fat  ancl  proteMs 
were  analysed,  so  that  the  amount  of  fat  and  proteid  abso^-bed  in  four  months  was  Limated 
The  pig  then  weighed  24  kilos.,  it  was  killed  and  its  fat  and  proteids  estimated.  "^^^^^e^^' 

No.  II.  contained  2-50  kilos,  albumin  and  9-25  kilos,  fat 

^0-  I-  0-96  „  0-69  „ 

Assimilated,  1-56    ,,  ,,  8-56 

Taken  in  in  food,    7*49    ,,  o-66 

Difference,         •-5-93    ,,  „  +7-90 

of^?hew1  *^Tb^'.Q;^lf ''•;^K*  *H  ^ody  which  could  not  be  accounted  for  in  the  fat 
of  the  food.  The  o-93  kilos,  of  albumin  of  the  food  which  were  not  assimilated  as  albumin 
could  yield  only  a  small  part  of  the  7-90  kilos,  of  fat,  so  that  at  least  5  kilos,  of  fat  mu  t  have 
been  formed  from  carbohydrates.  Lawes  and  Gilbert  calculated  that  40  per  cent,  of  the  fat  In 
pigs  was  derived  from  carbohydrates.  How  the  carbohydrates  are  changed  into  fat  in  the  body 
is  entirely  unknown.  J 

an^emX^lpiJ  ^^^^  bees  could  prepare  wax  from  honey  alone  ;  this  is  a  mistake- 

honey  itself"  '^"^  addition-the  necessary  amount  is  found  in  the  raw 
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242  CORPULENCE.— The  addition  of  too  much  fat  to  the  body  is  a  pathological  pheno- 
menon which  is  attended  with  disagreeable  consequences.  With  regard  to  the  causes  of_  obesity, 
without  doubt  there  is  an  inherited  tendency  (in  33  to  56  per  cent  of  the  cases)  m  many 
families— and  in  some  breeds  of  cattle —to  lay  up  fat  in  the  body,  while  other  families  may  be 
richly  supplied  with  fat,  and  yet  remain  lean.  The  chief  cause,  however,  is  taking  too  much 
food %*/  more  than  the  amount  required  for  the  normal  metabolism;  corpulent  people,  m 
order  to  maintain  their  bodies,  must  eat  absolutely  and  relatively  more  than  persons  ot  spare 
habit,  under  analogous  conditions  of  nutrition  (§  236). 

Conditions  favouring  Corpulence.— (1)  A  diet  rich  in  proteids.,  with  a  corresponding  addition 
of  fat  or  carbohydrates.  As  flesh  or  muscle  is  formed  from  proteids,  and  part  of  the  lat  ot  the 
body  is  also  formed  from  albumin,  the  assumption  that  fats  and  carbohydrates  fatten,  or  when 
taken  alone,  act  as  fattening  agents,  is  completely  without  foundation.  (2)  Dvmmislied  disin- 
teqration  of  materials  within  the  body,  e.g.,  (a)  diminished  muscular  activity  (much  sleep  and_ 
little  exercise)  ;  (&)  abrogation  of  the  sexual  functions  (as  is  shown  by  the  rapid  fattening  ot 
castrated  animals,  as  well  as  by  the  fact  that  some  women,  after  cessation  of  the  menses  readily 
become  corpulent)  ;  (c)  diminished  nmital  activity  (the  obesity  of  dementia),  phlegmatic  tempera- 
ment On  the  contrary,  vigorous  mental  work,  excitable  temperament,  care  and  sorrow, 
counteract  the  deposition  of  fat ;  {d)  diminished  extent  of  the  respiratory  activity,  as  occurs  wlien 
there  is  a  great  deposition  or  fat  in  the  abdomen,  limiting  the  action  of  the  diaphragm  (breath- 
lessness  of  corpulent  people),  whereby  the  combustion  of  the  fatty  matters  which  become 
deposited  in  the  body,  is  limited  ;  (c)  a  corpulent  person  requires  to  use  relatively  less  heat- 
qivinq  substances  in  his  body,  partly  because  he  gives  off  relatively  less  heat  from  his  compact 
body  than  is  done  by  a  slender  long-bodied  individual,  and  partly  because  the  thick  layer  ot 
fat  retards  the  conduction  of  heat  (§  214,  4).  Thus,  corresponding  to  the  relatively  diminished 
production  of  heat,  more  fat  may  be  stored  up  ;  (/)  a  diminution  of  the  red  blood-corpuscles 
which  are  the  great  exciters  of  oxidation  in  the  body,  is  generally  followed  by  an  increase  ot 
fat— fat  people,  as  a  rule,  are  fat  because  they  have  relatively  less  blood  (§  41)— women  with 
fewer  red  blood-corpuscles  are  usually  fatter  than  men  ;  [g)  the  consumption  of  alcohol  favours 
the  conservation  of  fat  in  the  body,  the  alcohol  is  easily  oxidised,  and  thus  prevents  the  fat 
from  being  burned  up  (§  235).  ,  j      •  i  +   f  ti,^ 

Disadvantages  of  corpulence.— Besides  the  inconvenience  of  the  great  size  and  weight  ot  ttie 
body,  corpulent  people  suffer  from  breathlessness— they  are  easily  fatigued,  are  liable  to  inter- 
trigo between  the  folds  of  the  skin,  the  heart  becomes  loaded  with  fat,  and  they  not  unfre- 
quently  are  subject  to  apoplexy.  , 
In  order  to  counteract  corpulence  we  ought  to— (1)  Reduce  uniformly  all  articles  of  diet. 
The  diet  and  body  ought  to  be  weighed  from  week  to  week,  and  as  long  as  there  is  no  dimii^^]-- 
tion  in  the  body-weight  the  amount  of  food  ought  to  be  gradually  and  uniformly  reduced  (not- 
withstanding the  appetite).    This  must  be  done  very  gradually  and  not  suddenly.    A  moderate 
reduction  of  fat  and  carbohydrates  in  a  normal  diet  at  the  same  time  leads  to  a  diminution  ot 
the  fat  of  the  body  itself.    Let  a  person  who  is  capable  of  muscular  exertion  take  156  grms. 
Proteid  43  grms.  fat,  and  114  grms.  carbohydrates  ;  but  those  in  whom  congestions,  hydremia, 
breathlessness  have  taken  place,  should  take  170  grms.  proteid,  25  grms.  fat,  and  /O  grms.  carbo- 
hydrates (Oertcl).    It  is  not  advisable  to  limit  the  amount  of  fat  and  carbohydrates  alone,  as  is 
done  in  the  Banting-cure  or  Bantingism.    Apart  altogether  from  the  fact  that  fat  is  foi'^iied 
from  proteids,  if  too  little  non-nitrogenous  food  be  taken,  severe  disturbance  of  the  bodily 
metabolism  is  apt  to  occur.    (2)  It  is  advisable  during  the  chief  meal  to  limit  the  consumption 
of  fluids  of  all  sorts  (even  until  three-quarters  of  an  hour  thereafter),  and  thus  render  the  ab- 
sorption and  digestive  activity  of  the  intestine  less  active  {Oertel).    (3)  The  muscular  activity 
ought  to  be  greatly  developed  by  doing  plenty  of  muscular  work,  or  taking  plenty  of  exercise, 
both  physical  and  mental.    (4)  Favour  the  evolution  of  heat  by  taking  cold  baths  of  consider- 
able duration,  and  afterwards  rubbing  the  skin  strongly  so  as  to  cause  it  to  become  red  ;  tnrther, 
dress  lightly,  and  at  night  use  light  bed-clothing  ;  tea  and  coff"ee  are  useful,  as  they  excite  the 
circulation.    (5)  Use  gentle  laxatives  :  acid  fruits,  cider  ;  alkaline  carbonates  (ot  Marienbaci, 
Carlsbad,  Vichy,  Neuenahr,  Ems,  &c.)  act  by  increasing  the  intestinal  evacuations  and  dimm- 
ishincr  absorption.    (6)  If  from  accumulation  of  fat  there  is  danger  of  failure  of  the  hearts 
actioS,  Oertel  recommends  hill-climbing,  whereby  the  cardiac  muscle  is  exercised  and  strength- 
ened.   At  the  same  time  the  circulation  becomes  more  lively  and  the  metabolism  is  increased. 

[Oertel's  Method  goes  on  the  idea  of  strengthening  the  cardiac  musculature,  which  is  sought 
to  be  accomplished  by  (1)  limiting  the  amount  of  fluids  consumed,  and  (2)  carefully  regulated 
muscular  exertion.  The  amount  of  food  is  first  reduced  one-half,  and  the  water  to  a  still  lower 
amount,  while  the  nitrogenous  elements  hi  food  are  increased,  the  non-nitrogenous  are  decreased. 
The  person  is  then  instructed  to  take  exercise  under  certain  medical  precautions,  first,  on  level 
ground,  and  then  on  gradually  increashig  gradients.]  _ 

Eatty  Degeneration.— The  process  of  fattening  consists  in  the  deposition  ot  drops  ot  tat 
within  the  fat-cells  of  the  panniculus  and  around  the  viscera,  as  well  as  in  the  marrow  ot  bone 
(but  they  are  never  deposited  in  the  subcutaneous  tissue  of  the  eyelids,  of  the  penis  of  the  red 
part  of  the  lips,  in  the  ears  and  nose).    This  is  quite  different  from  the  fatty  atrophy  or  latty 
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degeneration  which  occurs  in  the  form  of  fatty  globules  or  granules  in  albuminous  tissues,  e.g., 
in  muscular  fibres  (heart),  gland-cells  (liver,  kidney),  cartilage-cells,  lymph-  and  pus-corpuscles, 
as  well  as  in  nerve-fibres  separated  from  their  nerve-centres.  The  fat  in  these  cases  is  derived 
from  albumin,  much  in  the  same  way  as  fat  is  formed  in  the  gland-cells  of  the  mammary  and 
sebaceous  glands.  Marked  fatty  degeneration  not  unfrequently  occurs  after  severe  fevers,  and 
after  artificial  heating  of  the  tissues  ;  when  a  too  small  amount  of  0  is  supplied  to  the  tissues, 
as  occurs  in  cases  of  phosphorus  poisoning  {Bauer) ;  in  drunkards  ;  after  poisoning  with  arsenic 
and  other  substances,  and  after  some  disturbances  of  the  circulation  and  innervation.  Some 
organs  are  especially  prone  to  undergo  fatty  degeneration  during  the  course  of  certain  diseases. 

243.  METABOLISM  OF  THE  TISSUES.— The  blood-stream  is  the  chief 
medium  whereby  new  material  is  supplied  to  the  tissues  and  the  effete  products  re- 
moved from  them.  The  lymph  which  passes  through  the  thin  capillaries  comes 
into  actual  contact  with  the  tissue  elements.  Those  tissues  which  are  devoid  of 
blood-vessels  in  their  own  substance,  such  as  the  cornea  and  cartilage,  receive 
nutrient  fluid  or  lymph  from  the  adjacent  capillaries,  by  means  of  their  cellular 
elements,  which  act  as  juice-conducting  media.  Hence,  when  the  normal  circulation 
is  interfered  with,  by  atheroma  or  calcification  of  the  walls  of  the  blood-vessels, 
these  tissues  are  secondarily  affected  [this,  for  example,  is  the  case  in  arcus  senilis 
of  the  cornea,  due  to  a  fatty  degeneration  of  the  corneal  tissue,  owing  to  some  affec- 
tion of  the  blood-vessels  on  which  the  cornea  depends  for  its  nutrition].  Total  com- 
pression or  ligature  of  all  the  blood-vessels  results  in  necrosis  of  the  parts  supplied 
by  the  ligatured  blood-vessels. 

Atrophies  caused  by  diminution  of  the  normal  supply  of  blood,  gradually,  in  the  course  of  time 
become  less  and  less  {Samuel). 

Hence  there  must  be  a  double  current  of  the  tissue  juices ;  the  afferent  or 
supply  current,  which  supplies  the  new  material,  and  the  efferent  stream  which 
removes  the  effete  products.  The  former  brings  to  the  tissues  the  proteids,  fats, 
carbohydrates,  and  salts  from  which  the  tissues  are  formed.  It  is  evident  that  any 
interruption  of  the  arterial  supply  to  the  tissues  will  diminish  this  supply. 

That  such  a  current  exists  is  proved  by  injecting  an  indifferent,  easily  recognisable  substance 
into  the  blood,  e.g.,  potassium  ferrocyanide,  when  its  presence  may  be  detected  in  the  tissues, 
to  which  it  has  been  carried  by  the  outgoing  current. 

The  efferent  stream  carries  away  the  decomposition  products  from  the  various 
tissues,  more  especially  urea,  COg,  H2O,  and  salts,  and  these  are  transferred  as 
quickly  as  possible  to  the  organs  tlirough  which  they  are  excreted. 

That  such  a  current  exists  is  proved  by  injecting  such  a  substance  as  potassium  ferrocyanide 
into  the  tissues,  e.g.,  subcutaneously,  when  its  presence  may  be  detected  in  the  urine  within 
two  to  five  minutes. 

If  the  current  from  the  tissues  to  the  blood  is  so  active  that  the  excretory  organs 
cannot  eliminate  all  the  effete  products  from  the  blood,  then  these  products  are 
found  in  the  tissues.  When  certain  poisons  are  injected  subcutaneously,  they  pass 
rapidly  into  the  blood  and  are  carried  in  great  quantity  to  other  tissues,  e.g.,  to  the 
nervous  system,  on  which  they  act  with  fatal  effect,  before  they  are  eliminated  to 
any  great  extent  from  the  blood  by  the  action  of  the  excretory  organs.  The  effete 
materials  are  carried  away  from  the  tissues  by  two  channels,  viz.,  by  the  veins  and 
by  the  lymphatics,  so  that  if  these  be  interfered  Avith,  the  metabolism  of  the  tissues 
must  also  suffer.  When  a  limb  is  ligatured  so  as  to  compress  the  veins  and  the 
lymphatics,  the  efferent  stream  stagnates  to  such  an  extent  that  considerable  swell- 
ing of  the  tissues  or  oedema  may  occur  (§  203).  The  action  of  the  muscles  and 
fasciae  are  very  important  in  removing  these  effete  matters. 

H.  Nasse  found  that  the  blood  of  the  jugular  vein  is  0-225  per  1000  specifically  heavier  than 
the  blood  of  the  carotid,  and  contains  0-9  part  per  1000  more  solids  ;  1000  cubic  centimetres 
of  blood  circulating  through  the  head  yield  about  5  cubic  centimetres  of  transudation  into  the 
tissues. 
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The  extent  and  intensity  of  the  metabolism  of  the  tissues  depend  upon  a 
variety  of  factors. 

1.  Their  activity. — The  increased  activity  of  an  organ  is  indicated  by  the 
increased  amonnt  of  blood  going  to  it,  and  by  the  more  active  circulation  through 
it  (§  100).  When  an  organ  is  completely  inactive,  such  as  a  paralysed  muscle,  or  the 
peripheral  end  of  a  divided  nerve,  the  amount  of  blood  and  the  ]iutritive  exchange 
of  fluids  diminish  within  these  parts.  The  parts  thus  thrown  out  of  activity  be- 
come pale,  relaxed,  and  ultimately  undergo  fatty  degeneration,  ^he  increased 
metabolism  of  an  organ  during  its  activity  has  been  proved  experimentally  in  the 
case  of  muscle,  and  (§  294)  also  in  the  brain  (Sjieck).  Langley  and  Sewell  have 
recently  observed  directly  the  metabolic  changes  within  sufficiently  thin  lobules  of 
glands  during  life.  The  cells  of  serous  glands  (§  143),  and  those  of  mucous  and 
pepsin-forming  glands  (§  164),  during  quiescence,  become  filled  with  coarse  granules, 
which  are  dark  in  transmitted  light  and  white  in  reflected  light,  which  granules  are 
consumed  or  disappear  during  granular  activity.  During  sleep,  when  most  organs 
are  at  rest,  the  metabolism  is  limited ;  darkness  also  diminishes  it ;  while  light 
excites  it,  obviously  owing  to  nervous  influences.  The  variations  in  the  total  meta- 
bolism of  the  body  are  reflected  in  the  excretion  of  CO2  (§  126,  9)  and  urea  (§  257), 
which  may  be  expressed  graphically  in  the  form  of  a  curve  corresponding  with  the 
activity  of  the  organism ;  this  curve  corresponds  very  closely  with  the  daily  varia- 
tions in  the  respirations,  pulse,  and  temperature  (§  213,  4). 

2.  The  composition  of  the  blood  has  a  marked  efi'ect  upon  the  current  on  which 
the  metabolism  of  the  tissues  depends.  Very  concentrated  blood,  which  contains 
a  small  amount  of  water,  as  after  profuse  sweating,  severe  diarrhoea,  cholera,  makes 
the  tissues  dry,  while  if  much  water  be  absorbed  into  the  blood,  the  tissues  become 
more  succulent  and  even  oedema  may  occur.  When  much  common  salt  is  present 
in  the  blood,  and  when  the  red  blood-corpuscles  contain  a  diminished  amount  of  0, 
and  especially  if  the  latter  condition  be  accompanied  by  muscular  exertion  causing 
dyspnoea,  a  large  amount  of  albumin  is  decomposed,  and  there  is  a  great  formation 
of  urea.  Hence,  exposure  to  a  rarefied  atmosphere  is  accompanied  by  increased 
excretion  of  urea.  Certain  abnormal  conditions  of  the  blood  produce  remarkable 
results ;  blood  charged  with  carbonic  oxide  cannot  absorb  0  from  the  air,  and  does 
not  remove  COg  from  the  tissues  (§  16).  The  presence  of  h  ijdrocyaiiic  acid  in  the 
blood  (§  16)  is  said  to  interrupt  at  once  the  chemical  oxidation  processes  in  the 
blood,  so  that  rapid  asphyxia,  owing  to  cessation  of  the  internal  respiration,  occurs. 
Fermentation  is  interrupted  by  the  same  substance  in  a  similar  way.  A  dimhndion 
of  the  total  amount  of  the  blood  causes  more  fluid  to  pass  from  the  tissues  into  the 
blood,  but  the  absorption  of  substances — such  as  poisons  or  pathological  effusions — 
from  the  tissues  or  intestines  is  delayed.  If  the  substances  which  pass  from  the 
tissues  into  the  blood  be  rapidly  eliminated  from  it,  absorption  takes  place  more 
rapidly. 

3.  The  blood-pressure,  when  it  is  greatly  increased,  causes  the  tissues  to  contain 
more  fluid,  while  the  blood  itself  becomes  more  concentrated,  to  the  extent  of  3  to 
5  per  1000.  We  may  convince  ourselves  that  blood-plasma  easily  passes  through 
the  capillary  wall,  by  pressing  upon  the  efi'erent  vessel  coming  from  the  choriuni 
deprived  of  its  epidermis,  e.g.,  by  a  burn  or  a  blister,  when  the  surface  of  the 
wound  becomes  rapidly  suffused  with  plasma.  Diminution  of  the  blood-pressure 
produces  the  opposite  result.  The  oxidation  processes  in  the  body  are  diminished 
after  the  use  of  P,  Cu,  ether,  chloroform,  and  chloral. 

4.  Increased  temperature  of  the  tissues  (several  hours  daily)  does  not  increase 
the  breaking  up  of  albumin  and  fats.    (See  §§  220,  221,  225.) 

5.  The  influence  of  the  nervous  system  on  the  metabolism  is  twofold.  On  the 
one  hand,  it  acts  indirectly  through  its  eflect  upon  the  blood-vessels,  by  causing 
them  to  contract  or  dilate  through  the  agency  of  vaso-motor  nerves,  whereby  it 
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influences  the  amount  of  blood  supplied,  and  also  affects  the  blood-pressure.  But 
quite  independently  of  the  blood-vessels,  it  is  probable  that  certain  s[)ecial  nerves— 
the  so-called  trophic  nerves— influence  the  metabolism  or  nutrition  of  the  tissues 
(§  342,  c).  That  nerves  do  influence  directly  the  transformation  of  matter  within 
the  tissues  is  shown  by  the  secretion  of  saliva  resulting  from  the  stimulation  of 
certain  nerves,  after  cessation  of  the  circulation  (§  145),  and  by  the  metabolism 
during  the  contraction  of  bloodless  muscles.  Increased  respiration  and  apncea  are 
not  followed  by  increased  oxidation  {Pflüger)  (§  126,  8). 

[Gaskell  has  raised  the  question  as  to  the  existence  of  katabolic  and  anabolic  nerves  con- 
trolling respectively  the  analytic  and  synthetic  metabolism  of  the  tissues.] 

244  KEGENERATION  OF  TISSUES  AND  ORGANS. -The  extent  to  which  lost  parts  are  re- 
placed varies  greatly  m  different  organs.  Amongst  the  lower  animals,  the  parts  of  organs  are  re- 
placed to  a  far  greater  extent  than  amongst  warm-blooded  animals.  When  a  hydra  is  divided  into 
two  parts,  each  part  forms  a  new  individual— nay,  if  the  body  of  the  animal  be  divided  into 
several  parts  m  a  particular  way,  then  each  part  gives  rise  to  a  new  individual  (Spallanzani) . 
I  he  llanarians  also  show  a  great  capability  of  reproducing  lost  parts  iDuqes).  Spiders  and 
crabs  can  reproduce  lost  feelers,  limbs,  and  claws  ;  snails,  part  of  the  head,  feelers,  and  eyes, 
provided  the  central  nei;vous  system  is  not  injured.  Many  hshes  reproduce  fins,  even  the  tail  fin! 
Salamanders  and  lizai;ds  can  produce  an  entire  tail,  including  bones,  muscles,  and  even  the 
posterior  part  of  the  spinal  cord  ;  while  the  triton  reproduces  an  amputated  limb,  the  lower  iaw, 
and  the  eye.  This  reproduction  necessitates  that  a  small  stump  be  left,  while  total  extirpation 
of  the  parts  prevents  reproduction. 

In  amphibians  and  reptiles  the  regeneration  of  organs  and  tissues,  as  a  whole, 
takes  place  after  the  type  of  the  embryonic  development,  and  the  same  is  true  as 
regards  the  histological  processes  which  occur  in  the  regenerated  tail  and  other 
parts  of  the  body  of  the  earth-worm.  In  amphibians  and  reptiles  the  same  kind 
ot  tissue  IS  formed  as  the  tissue  which  has  been  injured.  The  spinal  cord  is 
regenerated  from  the  epithelium  of  the  spinal  canal.  The  leucocytes,  in  the  process 
oi  new  formation,  are  merely  concerned  in  the  nutrition  of  the  parts,  and  do  not 
enter  into  their  construction  {Fraisse).  [One  of  the  most  remarkable  cases  is  the 
regeneration  of  the  retma  in  tritons  after  section  of  the  optic  nerve  (Grißni).] 

The  extent  to  which  regeneration  can  take  jDlace  in  mammals  and  in  man  is  very 
slight,  and  even  m  these  cases  it  is  more  marked  in  young  individuals.  A  true 
regeneration  occurs  in — 

/.  I'  "^^l^^^i^g  the  plasma,  the  colourless  and  coloured  corpuscles 

(§  7  and  §  41).  ^ 

2.  The  epidermal  appendages  (§  283)  and  the  epithelium  of  the  mucous  mem- 
branes are  reproduced  by  a  proliferation  of  the  cells  of  the  deeper  layers  of  the 
epithelmni,  with  simultaneous  division  of  their  nuclei.  Epithelial  cells  are  repro- 
duced as  long  as  the  matrix  on  which  they  rest  and  the  lowest  layer  of  cells  are 
intact.  When  these  are  destroyed  cell-regeneration  from  below  ceases,  and  the  cells 
at  the  margins  are  concerned  in  filling  up  the  deficiency.  Eegeneration,  therefore, 
either  takes  place  from  below  or  from  the  margins  of  the  wound  in  the  epithelial  • 
covering;  leucocytes  also  wander  into  the  part,  while  the  deepest  layer  of  cells 
forms  large  multi-nucleated  cells,  which  reproduce  by  division  polygonal  flat 
nucleated  cells.  [In  the  process  of  division  of  the  cells,  the  nucleus  plays  an 
important  part,  and  m  so  doing  it  shows  the  usual  mitotic  figures  (§  431).!  The  nails 
gTow  from  the  root  forwards  ;  those  of  the  fingers  in  four  to  five  months,  and  that  of 
the  great  toe  in  about  twelve  months,  although  growth  is  slower  in  the  case  of 
fracture  of  the  bones.  The  matrix  is  co-extensive  with  the  limule,  and  if  it  be 
destroyed  the  nail  is  not  reproduced  (§  284).  The  eyelashes  are  changed  in  100 
to  iöU  days  the  other  hairs  of  the  body  somewhat  more  slowly.  If  the  papilla 
ot  the  hair-folhc  e  be  destroyed,  the  hair  is  not  reproduced.  Cutting  the  hair 
favours  its  gTowth,  but  hair  which  has  been  cut  does  not  grow  longer  than  uncut 
hair.    After  hair  has  grown  to  a  certain  length,  it  falls  out.    The  hair  never  grows 
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at  its  apex.  The  epithelial  cells  of  mucous  membranes  and  secretory  glands  seem 
to  undergo  a  regular  series  of  changes  and  renewal.  The  presence  of  secretory  cells 
in  the  milk  (§  231)  and  in  the  sebaceous  secretion  (§  285)  proves  this ;  the  sperma- 
tozoa are  replaced  by  the  action  of  spermatoblasts.  In  catarrhal  conditions  of 
mucous  membranes,  there  is  a  great  increase  in  the  formation  and  excretion  of  new 
epithelium,  while  many  cells  are  but  indifferently  formed  and  constitute  mucous 
corpuscles.  The  crystalline  lens,  which  is  just  modified  epithelium,  is  reorganised 
like  epithelium;  its  matrix  is  the  anterior  wall  of  its  capsule,  with  the  single 
layer  of  cells  covering  it.  If  the  lens  be  removed,  and  this  layer  of  cells  retained, 
these  cells  proliferate  and  elongate  to  form  lens  fibres,  so  that  the  whole  cavity  of 
the  empty  lens  capsule  is  refilled.  If  much  water  be  withdrawn  from  the  body, 
the  lens  fibres  become  turbid.  [A  turbid  or  opaque  condition  of  the  lens  may 
occur  in  diabetes,  or  after  the  transfusion  of  strong  common  salt  or  sugar  solution 
into  a  frog.] 

3.  The  blood-vessels  undergo  extensive  regeneration,  and  they  are  regenerated 
in  the  same  way  as  they  are  formed  (§  7,  B).  Capillaries  are  always  the  first  stage, 
and  around  them  the  characteristic  coats  are  added  to  form  an  artery  or  a  vein. 
When  an  artery  is  injured  and  permanently  occluded,  as  a  general  rule  the  part  of 
the  vessel  up  to  the  nearest  collateral  branch  becomes  obliterated,  whereby  the 
derivatives  of  the  endothelial  lining,  the  connective-tissue  corpuscles  of  the  wall, 
and  the  leucocytes  change  into  spindle-shaped  cells,  and  form  a  kind  of  cicatricial 
tissue.  Blind  and  solid  outshoots  are  always  found  on  the  blood-vessels  of  young 
and  adult  animals,  and  are  a  sign  of  the  continual  degeneration  and  regeneration 
of  these  vessels.  Lymphatics  behave  in  the  same  way  as  blood-vessels  ;  after 
removal  of  a  lymphatic  gland,  a  new  lymphatic  formation  may  be  produced 
{Bayer). 

4.  The  contractile  substance  of  muscle  may  undergo  regeneration  after  it  has 
become  partially  degenerated.  This  takes  place  after  amyloid  or  wax-like  degenera- 
tion, such  as  occurs  not  unfrequently  after  typhus  and  other  severe  fevers.  This 
is  chiefly  accomplished  by  an  increase  of  the  muscle  corpuscles.  After  being  com- 
pressed, the  muscular  nuclei  disappear,  and  at  the  same  time  the  contractile  contents 
degenerate.  After  several  days,  the  sarcolemma  contains  numerous  nuclei  which 
reproduce  new  muscular  nuclei  and  the  contractile  substance.  In  fibres  injured  by 
a  subcutaneous  wound,  Neumann  found  that,  after  five  to  seven  days,  there  was  a 
bud-like  elongation  of  the  cut  ends  of  the  fibres,  at  first  without  transverse  striation, 
but  with  striation  ultimately.  If  a  large  extent  of  a  muscle  be  removed,  it  is 
replaced  by  cicatricial  connective-tissue.  Non-striped  muscular  fibres  are  also 
reproduced ;  the  nuclei  of  the  injured  fibres  divide  after  becoming  enlarged,  and 
exhibit  a  well-marked  intra-nuclear  plexus  of  fibrils.  The  nuclei  divide  into  two, 
and  from  each  of  these  a  new  fibre  is  formed,  probably  by  the  difi'erentiation  of  the 
peri-nuclear  protoplasm. 

5.  After  a  nerve  is  divided,  the  two  ends  do  not  join  at  once  so  as  to  permit  the 
function  of  the  nerve  to  be  established.  On  the  contrary,  marked  changes  occur. 
If  a  piece  be  cut  out  of  a  nerve-trunk,  the  peripheral  end  of  the  divided  nerve 
degenerates,  the  axial  cylinders  and  the  white  substance  of  Schwann  disappear. 
The  interval  is  filled  up  at  first  with  juicy  cellular  tissue.  The  subsequent  changes 
are  fully  described  in  §  325,  4.  There  seems  to  be  in  peripheral  nerves  a  continual 
disappearance  of  fibres  by  fatty  degeneration,  accompanied  by  a  consecutive  forma- 
tion of  new  fibres  {Sigm.  Mayer).  The  regeneration  of  peripheral  ganglionic  cells 
is  unknown.  V.  Voit,  however,  observed  that  a  pigeon,  part  of  whose  brain  was 
removed,  had  within  five  months  reproduced  a  nervous  mass  within  the  skull,  con- 
sisting of  meduUated  nerve-fibres  and  nerve-cells.  Eichhorst  and  Naunyn  found 
that  in  young  dogs,  whose  spinal  cords  were  divided  between  the  dorsal  and  lumbar 
regions,  there  was  an  anatomical  and  physiological  regeneration,  to  such  an  extent 
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that  voluntary  movements  could  be  executed  (§  338,  3).  Yaulair,  in  the  case  of 
frogs,  and  Masius  in  dogs,  found  that  mobility  or  motion  was  first  restored,  and 
afterwards  sensibility.  Regeneration  of  the  spinal  ganglia  did  not  occur.  The 
taste-bulbs  undergo  regeneration  after  they  have  undergone  degenerative  changes 
following  section  of  the  glosso-pharyngeal  nerve  (Grißni).]  _ 

6.  In  many  glands,  the  regeneration  of  their  cells  durnig  normal  activity  is 
very  active— sebaceous,  mucous,  Lieberkülmian,  uterine,  mammary  glands  during 
pregnancy— in  others  less.  If  a  large  portion  of  a  secretory  gland  be  removed,  as 
a  o-eiieral  rule,  it  is  not  reproduced.  A  gland,  if  injured,  and  if  suppuration  follows, 
is  not  regenerated.  But  the  büe-dncts  (§  173)  and  the  pancreatic  duct  may  he 
reproduced  (§171).  According  to  Phillippeaux  and  Griffini,  if  part  of  the  spleen 
be  removed  it  is  reproduced  {§  103).  Tizzoni  and  Collucci  observed  the  formation 
of  new  liver-cells  and  bile-ducts  after  injury  to  the  liver,  and  m  fact  enormous 
masses  of  liver  may  be  reproduced  {Grißni,  Ponfick)  (§  173),  and  Pisenti  makes 
the  same  statement  as  regards  the  kidney.  After  mechanical  injury  to  the  secre- 
tory cells  of  glands  (liver,  kidney,  salivary.  Meibomian),  neighbouring  cells  undergo 
proHferation,  and  aid  in  the  restoration  of  the  cells. 

7.  Amongst  connective-tissues,  cartilage,  provided  its  perichondrium  be  not 
injured,  reproduces  itself  by  division  of  its  cartilage  cells;  but  usually  when  a  part 
of  a  cartilage  is  removed,  it  is  replaced  by  connective-tissue. 

8.  When  a  tendon  is  divided,  proHferation  of  the  tendon  cells  occurs,  and  the 
•cut  ends  are  united  by  connective-tissue.  _  _ 

9.  The  reproduction  of  bone  takes  place  to  a  great  extent  under  certain  conditions. 
If  the  articular  end  be  removed  by  excision,  it  may  be  reproduced,  although  there 
is  a  considerable  degree  of  shortening.  Pieces  of  bone  which  have  been  broken  olf 
■or  sawn  off  heal  again,  and  become  united  with  the  original  bone.  A  tooth  may  be 
removed,  replanted  in  the  alveolus,  and  become  fixed  there.  If  a  piece  of  periosteum 
be  transplanted  to  another  region  of  the  body,  it  eventually  gives  rise  to  the  forma- 
tion of  new  bone  in  that  locaUty.  If  part  of  a  bone  be  removed,  provided  the 
periosteum  be  left,  new  bone  is  rapidly  reproduced;  hence,  the  surgeon  takes  great 
care  to  preserve  the  periosteum  intact  in  all  operations  where  he  wishes  new  bone 
to  be  reproduced.  Even  the  marrow  of  bone,  when  it  is  transplanted,  gives  rise 
to  the  formation  of  bone.  This  is  due  to  the  osteoblasts  adhering  to  the  osseous 
tissue. 

In  fracture  of  a  long  bone,  the  periosteum  deposits  on  the  surface  of  the  ends  of  the  broken 
bones  a  ring  of  substance  which  forms  a  temporary  support,  the  external  callus.  At  first  this 
callus  is  jelly-like,  soft,  and  contains  many  corpuscles,  but  afterwards  it  becomes  more  solid 
and  somewhat  like  cartilage.  L  similar  condition  occurs  within  the  bone,  where  an  internal 
callus  is  formed.  The  formation  of  this  temporary  caUus  is  due  to  an  infiammatory  proliteia- 
tion  of  the  connective-tissue  corpuscles,  and  partly  to  the  osteoblasts  of  the  periosteum  and 
marrow.  According  to  Rigal  and  Vignal,  the  internal  callus  is  always  osseous,  and  is  derived 
from  the  marrow  of  the  bone.  The  outer  and  inner  callus  become  calcified  and  ultimately 
■ossified,  whereby  the  broken  ends  are  reunited.  Towards  the  fortieth  day,  a  thin  layer  of  bone 
is  formed  (intermediary  caUus)  between  the  ends  of  the  bone.  Where  this  begins  to  be 
definitely  ossified,  the  outer  and  inner  callus  begin  to  be  absorbed^  and  ultimately  the  inter- 
mediary callus  has  the  same  structure  as  the  rest  of  the  bone. 

There  are  many  interesting  observations  connected  with  the  growth  and  metabolism  ot  bones. 
1.  The  addition  of  a  very  small  amount  of  2^hosphorics  or  arsenious  acid  to  the  food  causes  con- 
siderable thickening  of  the  bones.  This  seems  to  be  due  to  the  non-absorption  of  those  parts  of 
the  bones  which  are  usually  absorbed,  while  new  growth  is  continually  taking  place.  2.  \\  hen 
food  devoid  of  lime-salts  is  given  to  an  animal,  the  growth  of  the  bones  is  not  arrested,  but  the 
bones  become  thinner,  whereby  all  parts,  even  the  organic  basis  of  the  bone,  undergo  a  uniform 
■diminution.  3.  Feeding  with  madder  makes  the  bones  red,  as  the  colouring  matter  is  deposited 
Avith  the  bone-salts  in  the  bone,  especially  in  the  growing  and  last-formed  parts.  In  birds  the 
shell  of  the  eg^r  becomes  coloured.  4.  The  continued  use  of  lactic  acid  dissolves  the  bones. 
The  ash  of  bone  is  thereby  diminished.  If  lime-salts  be  withheld  at  the  same  time,  the  effect 
is  greatly  increased,  so  that  the  bones  come  to  resemble  rachitic  bones.  (Development  of  bone, 
••§  447.) 
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When  a  lost  tissue  is  not  replaced  by  the  same  kind  of  tissue,  its  place  is  always 
taken  by  cicatricial  connective-tissue. 

When  this  is  the  case,  the  part  becomes  inflamed  and  swollen,  owing  to  an  exudation  of 
plasma. ^  The  blood-vessels  become  dilated  and  congested,  and,  notwithstanding  the  slower 
circulation,  the  amount  of  blood  is  greater.  The  blood-vessels  are  increased,  owing  to  the 
formation  of  new  ones.  Colourless  blood-corpuscles  pass  out  of  the  vessels  and  reproduce  them- 
selves, and  many  of  them  undergo  fatty  degeneration,  whilst  others  take  up  nutriment  and 
become  converted  into  large  uninucleated  protoplasma  cells,  from  which  giant  cells  are  developed. 
The  newly  formed  blood-vessels  supply  all  these  elements  with  blood, 

245.  TRANSPLANTATION  OF  TISSUES.— The  nose,  ear,  and  even  a  finger, 
after  having  been  severed  from  the  body  by  a  clean  cut,  have,  under  certain 
circumstances,  become  united  to  the  part  from  which  each  was  removed.  The 
skin  is  frequently  transplanted  by  surgeons,  as,  for  example,  to  form  a  new  nose. 
The  piece  of  skin  is  cut  from  the  forehead  or  arm,  to  which  it  is  left  attached  by 
a  bridge  of  skin,  is  then  stitched  to  the  part  which  it  is  desired  to  cover  in,  and 
when  it  has  become  attached  in  its  new  situation,  the  bridge  of  skin  is  severed. 
Eeverdin  cut  a  piece  of  skin  into  pieces  about  the  size  of  a  pea  and  fixed  them  on 
an  ulcerated  surface,  where  they,  as  it  were,  took  root,  grew,  and  sent  off  from  their 
margins  epithelial  outgrowths,  so  that  ultimately  the  whole  surface  was  covered 
with  epithelium.  [White  skin  transplanted  to  a  negro  ultimately  becomes  pig- 
mented, and  black  skin  transi3lanted  to  a  white  person  becomes  white.]  The 
excised  spur  of  a  cock  was  transplanted  and  fixed  in  the  comb  of  the  same  animal, 
where  it  grew  {John  Hunter).  P.  Bert  cut  off  the  tail  and  legs  of  rats  and  trans- 
planted them  under  the  skin  of  the  back  of  other  rats,  where  they  united  with  the 
adjoining  parts.  Oilier  found  that,  when  periosteum  was  transplanted,  it  grew 
and  reproduced  bone  in  its  new  situation.  Even  blood  and  lymph  may  i)e  trans- 
fused (Transfusion,  §  102).  [Small  portions  (1-5  mm.)  of  epiphyses,  costal  cartilage, 
of  a  rabbit  or  kitten,  when  transplanted  quite  fresh  into  the  anterior  chamber  of 
the  eye,  testis,  submaxillary  gland,  kidney,  and  under  the  skin  of  a  rabbit,  attach 
themselves  and  grow,  and  the  growth  is  more  rapid  the  more  vascular  the  site  on 
which  the  tissue  is  transplanted.  Even  rabbit's  bone  has  been  transplanted  to  the 
human  subject  and  grown  in  its  new  site.  The  cartilage  is  not  essentially  dilferent 
from  hyaline  cartilage,  but  the  cells  are  fewer  in  the  centre,  while  the  matrix  tends 
to  become  fibrous.  Small  pieces  of  epiphysial  cartilage  introduced  into  the  jugular 
vein  were  found  as  cartilaginous  foci  in  the  lungs.  Tissues  transplanted  from 
embryonic  structures  grow  far  better  than  adult  tissues.  If  a  portion  of  the  cornea 
of  a  rabbit  be  transplanted  to  a  human  eye,  provided  Descemet's  membrane  be 
clear,  it  will  grow  and  remain  clear  {v.  Hippell).  A  rabbit's  nerve  has  been  trans- 
planted to  the  human  subject,  but  without  success.] 

Many  of  these  results  seem  only  to  be  possible  between  individuals  of  the  same 
species,  although  Helferich  has  recently  found  that  a  piece  of  a  dog's  muscle,  when 
substituted  for  human  muscle,  united  to  the  adjoining  muscle,  and  became 
functionally  active.  [Magnus,  however,  finds  that  a  piece  of  rabbit's  muscle 
transplanted  to  another  rabbit's  muscle  serves  merely  as  a  temporary  structure, 
and  does  not  unite  to  the  end  of  the  original  muscular  fibres,  but  the  latter  grow 
and  use  the  transplanted  muscle  as  a  scaffolding,  which  is  ultimately  absorbed  and 
disappears.]  [J.  K.  Wolfe  has  transplanted  the  conjunctiva  of  the  rabbit  to  the 
human  eye.]  Most  tissues,  however,  do  not  admit  of  transplantation,  e.g.,  glands 
and  the  sense-organs.  They  may  be  removed  to  other  parts  of  the  body,  or  into 
the  peritoneal  cavity,  without  exciting  any  inflammatory  reaction  ;  they,  in  fact, 
behave  like  inert  foreign  matter. 

246.  INCREASE  IN  SIZE  AND  WEIGHT.— The  length  of  the  body,  which 
at  birth  is  usually  -^^-^  of  the  adult  body,  undergoes  the  greatest  elongation  at  an 
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early  period  : — in  the  first  year,  20 ;  in  the  second,  10 ;  in  the  third,  aljout  7 
centimetres ;  whilst  from  five  to  sixteen  years  the  annual  increase  is  about 
5|-  centimetres.  In  the  twentieth  year  the  increase  is  very  slight.  From 
fifty  onwards  the  size  of  the  body  diminishes,  owing  to  the  intervertebral  discs 
becoming  thinner,  and  the  loss  may  be  6  to  7  centimetres  about  the  eightieth 
year.  The  weight  of  the  body  (~  of  an  adult)  sinks  during  the  first  five  to 
seven  days,  owing  to  the  evacuation  of  the  meconium  and  the  small  amount  of 
food  which  is  taken  at  first.  Only  on  the  tenth  day  is  the  weight  the  same  as  at 
birth. 

The  increase  of  weight  is  greater  in  the  same  time  than  the  increase  in  length. 
Within  the  first  year  a  child  trebles  its  weight.  The  greatest  weight  is  usually 
reached  about  forty,  while  towards  sixty  a  decrease  begins,  which  at  eighty  may 
amount  even  to  6  kilos.  The  results  of  measurements,  chiefly  by  Quetelet,  are 
given  in  the  following  talkie  : — 


Length  (Cmtr.). 

Weight  (Kilo.). 

Length  (Cmtr.). 

Weight  (Kilo.). 

Age. 

Age. 

Man. 

Woman. 

Man. 

Woman. 

Man. 

Woman. 

Man. 

Woman. 

0 

49-6 

48-3 

3-20 

2-91 

15 

155-9 

147-5 

46-41 

41-30 

1 

69-6 

69-0 

10-00 

9-30 

16 

161-0 

150-0 

53-39 

44-44 

2 

79-6 

78-0 

12-00 

11-40 

17 

167-0 

154-4 

57-40 

49-08 

3 

86-0 

85-0 

13-21 

12-45 

18 

170-0 

156-2 

61-26 

53-10 

4 

93-2 

91-0 

15-07 

14-18 

19 

170-6 

63-32 

5 

99-0 

97-0 

16-70 

15-50 

20 

171-1 

157  -0 

65-00 

54-46 

6 

104-6 

103-2 

18-04 

16-74 

25 

172-2 

157-7 

68-29 

55-08 

7 

111-2 

109-6 

20-16 

18-45 

30 

172-2 

157-9 

68-90 

55-14 

8 

117-0 

113-9 

22-26 

19-82 

40 

171-3 

155-5 

68-81 

56-65 

9 

122-7 

120-0 

24-09 

22-44 

50 

167-4 

153-6 

67-45 

58-45 

10 

128  2 

124-8 

26-12 

24-24 

60 

163-9 

151-6 

65-50 

56-73 

11 

132-7 

127-5 

27-85 

26-25 

70 

162-3 

151-4 

63-03 

53-72 

12 

13.5-9 

132-7 

31-08 

30-54 

80 

161-3 

150-6 

61-22 

51-52 

13 

140-3 

138-6 

35-32 

34-65 

90 

57-83 

49-34 

14 

148-7 

144-7 

40-50 

38-10 

(Chiefly  from  Quetelet.) 

Between  the  12th  and  15th  years  the  weight  and  size  of  the  girl  are  greater  than  of  the  boy. 
Growth  is  most  active  in  the  last  months  of  foetal  life,  and  afterwards  from  the  6tli  to  the  9tli 
year  until  the  13th  to  the  16th.  The  full  stature  is  readied  about  30  but  not  the  greatest 
weight. 


General  View  of  the  Chemical  Constituents  of  the 
Organism. 

247.  (A)  INOEGANIC  CONSTITUENTS.— I.  Water  forms  over  60  per  cent, 
of  the  whole  body,  but  it  occurs  in  diff'erent  quantity  in  the  difi'erent  tissues.  The 
kidneys,  brain,  and  vitreous  humour  contain  the  most  water  ;  bones,  22  per  cent, ; 
teeth,  10  per  cent.  ;  while  enamel  contains  the  least,  0-2  per  cent.  (§  229).  Accord- 
ing to  some  observers,  peroxide  of  hydrogen  (HgO^)  is  also  present  in  the  body. 

[Approximately,  water  forms  about  two-thirds  of  the  weight  of  the  body,  so 
that  a  body  weighing  75  kilos.  (165  lbs.)  contains  50  kilos.  (110  lbs.)  of  water. 
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The  following  table,  modified  from  Beaunis,  shows  the  percentage  of  water  in 


several  tissues  and  organs  : — 


Solids. 


Tissue  or  Organ. 

Water. 

Solids. 

Tissue  or  Organ. 

Water. 

Solids. 

Enamel, 

•2 

99-8 

Spinal  cord,  . 

69-7 

30-3 

Dentine, 

10-0 

90-0 

White  matter 

|70-0 

30-0 

Bone, 

48-6 

51-4 

of  brain, 

Fat, 

29-9 

70-1 

Skin, 

72-0 

28-0 

Elastic  tissue, 

49-6 

50-4 

Brain, 

75-0 

25-0 

Cartilage, 

55-0 

45-0 

Muscles, 

75-7 

24-3 

Liver, 

69-3 

30-7 

Spleen,  . 

75-8 

24-2 

Tissue  or  Organ, 
Thymus, 
Connective- 
tissue, 
Kidney, 

Grey    matter  \ 
of  brain,    .  J 
Vitreoushumour,98'7 


Water. 
77-0 
9-6 
82-7 
85-8 


Blood,  .  .79-1 
Bile,  .  .86-4 
Milk,  .  .89-1 
Liquor  sanguinis,  90'1 
Chyle,    .  .92-8 


20-9 
13-6 
10-9 
9-9 
7-2 


Liquids. 

Lymph,  .  95- 
Serum,  .  .95" 
Gastric  juice,  .  97* 
Intestinal  juice,  97' 
Tears,     .  .98- 


4-2 
4-1 
2-7 
2-5 
1-8 


Aqueous  humour,  98  '6 
Cerebro-spinal  \  gg.g 

fluid,         .  j 
Saliva,  .  .99-5 
Sweat,.         .  99-5 


Solids. 
23-0 
20-4 
17-3 
14-2 
1-3 

1-4 

1-2 

0-5 

0-5 


CO..  (§  38).    Marsh  gas  CH,  (§  124),  NHg  (§  30, 


II.  Gases.— 0,  -  ozone  (§  37)  -H, -N, 
§  124,  §  184),  H^S  (§  184). 

III.  Salts. — Sodium  chloride  [is  one  of  the  most  important  inorganic  substances 
present  in  the  body.  It  occurs  in  all  the  tissues  and  fluids  of  the  body,  and  plays 
a  most  prominent  part  in  connection  with  the  diffusion  of  fluids  through  membranes, 
and  its  presence  is  necessary  for  the  solution  of  the  globulins  (p.  465).  Some- 
times it  exists  in  a  state  of  combination  with  proteid  bodies,  as  in  the  blood-plasma. 
Common  salt  is  absolutely  necessary  for  one's  existence  as  it  facilitates  absorption 
by  promoting  endosniotic  processes,  and  it  also  increases  tissue  metabolism ;  if  it 
be  withdrawn  entirely,  life  soon  comes  to  an  end.  The  body  contains  about  200 
grams.  About  15  grams  are  given  off  in  twenty-four  hours,  chiefly  by  the 
urine.  Boussingault  showed  that  the  addition  of  common  salt  to  the  food  of  cattle 
greatly  improved  their  condition]. 

[Calcium  phosphate  {Ca.-^V^Og)  is  the  most  abundant  salt  in  the  body,  as  it  forms  more  than 
one-half  of  our  bones,  but  it  also  occurs  in  dentine,  enamel,  aud  to  a  much  less  extent  in  the 
other  solids  and  fluids  of  the  body.  Amongst  secretions,  milk  contains  relatively  the  largest 
amount.  In  milk  it  is  necessary  for  forming  the  calcareous  matter  of  the  bones  of  the  infant. 
It  gives  bones  their  hardness  and  rigidity.  It  is  chiefly  derived  from  the  food,  and,  as  only 
a  small  quantity  is  given  off  in  the  excretions,  it  seems  not  to  undergo  rapid  removal  from 
the  body.] 

[Sodium  phosphate  (NogPOj),  acid  sodium  phosphate  (Na^HPOj),  add  iwtassiimi  phosphate 
(E2HPO4).  The  sodium  phosphate  and  the  corresponding  potash  salt  give  most  of  the  fluids  of 
the  body  their  alkaline  reaction.  The  alkaline  reaction  of  the  blood-plasma  is  partly  due  to 
alkaline  phosphates,  which  are  chiefly  derived  from  the  food.  The  acid  sodium  phosphate  is  the 
chief  cause  of  the  acid  reaction  of  the  urine.  A  small  quantity  of  phosphoric  acid  is  formed  in 
the  body  owing  to  the  oxidation  of  lecithin,  which  contains  phosphorus.] 

[Sodium  carbonate  (Na^COg)  and  sodium  bicarbonate  (NaHCOg)  exist  in  small  quantities  in 
the  food,  and  are  formed  in  the  body  from  the  decomposition  of  the  salts  of  the  vegetable  acids. 
They  occur  in  the  blood- plasma,  where  they  play  an  important  part  in  carrying  the  CO2  from 
the  tissues  to  the  lungs.] 

[Sodium  and  potassium  sulphates  (Na.^S04  and  K2SO4)  exist  in  very  small  quantity  in  the 
body,  and  are  introduced  with  the  food,  but  part  is  formed  in  the  body  from  the  oxidation  of 
organic  bodies  containing  sulphur.] 

[Potassium  chloride  (KCl)  is  pretty  widely  distributed,  and  occurs  specially  in  muscle, 
coloured  blood-corpuscles,  and  milk.  Calcium  fluoride  (CaFla)  occurs  in  small  quantity  in 
bones  and  teeth.  Calcium  carbonate  (CaCOg)  is  associated  with  calcium  phosphate  in  bone, 
teeth,  and  in  some  fluids,  but  it  occurs  in  relatively  much  smaller  amount.  It  is  kept  in 
solution  by  alkaline  chlorides,  or  by  the  presence  of  free  carbonic  acid.  Ammonium  chloride 
(NH4CI).— Minute  traces  occur  in  the  gastric  juice  and  the  urine.  Magnesium  phosphate 
(MggPOj)  occurs  along  with  calcium  phosphate,  but  in  very  much  smaller  quantity.] 
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Table  by  Beaunis  of  the  relative  proportions  of  Salts.    The  figures  give  the  percentage 
quantities  of  mineral  matters  in  the  ash. 


Sodic  chloride, 
Potassic  chloride, 
Soda, 
Potash, 
Lime, 
Magnesia, 
Ferric  oxide. 
Chlorine, 
Fluorine, 
Phosphoric  acid  (free). 
Phosphoric  acid  (combined) 
Sulphuric  acid, 
Carbon  dioxide, 
Silicic  acid. 
Ferric  phosphate, 


37-58 
1-22 


1-66 
53-31 
5-47 


Staffel. 

Breed. 

Oidtmann. 

C.  Schmidt. 

Oidtmann. 

Muscle  of 
calf. 

Brain. 

Liver. 

Lungs. 

Spleen. 

10-59 

4-74 

13-0 

2-35 
34-40 
1-99 
1-45 

10-69 
34-42 

0-  77 

1-  23 

14-'51 
25-23 
3-61 
0-20 
2-74 
2*58 

19-5 
1-3 
1-9 
1-9 
3-2 

44-33 
9-60 
7-48 
0-49 
7-28 
0-54 

48'-13 

9-15 
39-02 
0-75 

50-18 
0-92 

48"5 
1-4 

27-10 
2-54 

0-81 

0-  12 

1-  23 

0-27 

0-17 

1 

Table  by  Beaunis  of  the  Mineral  Matter  in  Animal  Fluids,  i.e.,  the  percentage  in  the  ash. 


Sodic  chloride, 
Potassic  chloride 
Soda, 

Potash,  . 
Lime, 
Magnesia, 
Ferric  oxide. 
Phosphoric  acid 
Sulphuric  acid , 
Carbon  dioxide, 
Silicic  acid, 


Verdeil. 


Blood. 


■81 

15 
97 
76 
12 
37 
23 
67 
19 


Blood- 
serum. 


12-93 
2-95 
2-28 
0-27 

0-  26 

1-  73 

2-  10 
4-40 
0-20 


Weher. 


Blood- 
clot. 


17-36 
29-87 
3-55 
22-36 
2-58 
0-53 
10-48 
10-64 
0-09 
2-17 
0-42 


Dahn- 
hardt. 


Lymph. 


74-48 

10-35 
3-25 
0-97 
0-26 

0-  50 

1-  09 

8-20 
1-27 


67-28 

1-33 
13-64 
1-15 
1-34 

11-21 


4-06 


Wilder- 
stein. 


10-73 
26-33 

21-44 

18-  78 
0-87 
0-10 

19-  00 
2-64 


Bile. 


27-70 

36-73 
4-80 
1-43 
0-53 
0-33 

10-  45 
6-39 

11-  26 
0-36 


4-33 

5'-b7 
6-10 
26-40 
10-54 
2-50 
36-03 


3-13 


IV  Free  Acids.— Hydrochloric  acid  (HCl)  [occurs /rce  in  the  gastric  juice,  but  m  combina- 
tion with  the  alkalies  it  is  widely  distributed  as  chlorides.]  Sulphuric  acid  (H2SO4)  [is  said  to 
occur  free  in  the  saliva  of  certain  gasteropods,  as  Dolium  galea.  In  the  body  it  torms  sulphates, 
chiefly  in  combination  with  soda  and  potash.  The  caterpillar  of  the  Puss  Moth  secretes  for 
defensive  purposes  a  highly  acid  fluid  composed  of  formic  acid  and  water,  the  proportion 
may  be  40  per  cent,  of  acid  and  one-twentieth  of  a  gram  may  be  ejected  at  once  from  a  mature 
larva  (Foulton).]  ,     1    ^  r-  •  ^-  i 

V.  Bases.— Silicon  as  silicic  acid  (SiO^)  ;  manganese  ;  iron,  the  last  forms  an  integral 
constituent  of  hfemoglobin  [the  total  quantity  in  the  blood  being  about  3  grams]._  U^on^i^ 
readily  detected  in  organs  in  which  it  occurs  on  hardening  small  parts  of  the  organ  in  alcohol 
and  then  in  alcohol  containing  ammonium  sulphide,  which  makes  the  iron  granules  a  green 
colour],  copper  (?),  (§  174). 

248.  (B)  ORGANIC  COMPOUNDS.— The  Albuminous  or  Proteid  Substances.— 
(1)  True  Proteids  and  their  Allies  are  composed  of  C,  H,  0,  N,  and  S,  and  are  derived 
from  plants  (see  Introduction).  [The  formation  of  albumin  from  the  elements  is 
accomplished  only  by  plants.  What  the  chemical  processes  are  is  quite  unknown. 
We  only  know  that  the  ]^  is  in  the  first  instance  obtained  from  the  nitric  acid  or 
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H322  1^25 

066 

^680     HjQgg  N210 

0^41 

C292     II481  N90 

ge  composition  is — 

¥  c 

s 

15-2  51-5 

0-3 

17-0  54-5 

2-0] 

ammonia  of  the  soil.  The  former  is  probably  not  used  directly  as  such,  but 
serves,  perhaps,  for  the  formation  of  amides  or  amido-acids,  from  which,  by  the 
action  of  non-nitrogenous  bodies,  proteids  are  formed.] 

[The  exact  formula  of  the  proteids  is  unknown,  as  they  have  never  been  obtained  sufficiently 
pure  and  in  such  quantity  as  to  admit  of  an  elementary  analysis  being  made.  From  such 
analyses  as  have  been  made  Bunge  gives  the  following  formulae  : — 

Egg-albumin,  ....  _ 
Proteid  m  haemoglobin  from  horse,  .    Ccgo    Hjogg  N210    0341  S.^ 
Globulin  from  pumpkin  seeds,  .       .    C292    H481    Ng^     Ogg  Sg 

According  to  Hoppe-Seyler  their  general  percentage  composition  is — 

0  H 
From.  .  20-9  6-9 
To     .       .    23-5  7-3 

They  exist  in  almost  all  animal  fluids  and  tissues,  partly  in  the  fluid  form,  although  Brücke 
maintains  that  the  molecule  of  albumin  exists  in  a  condition  midway  between  a  state  of  imbibi- 
tion and  a  true  solution— and  partly  in  a  more  concentrated  condition.  Besides  forming  the 
chief  part  of  muscle,  nerve,  and  gland,  they  occur  in  nearly  all  the  fluids  of  the  body,  including 
the  blood,  lymph,  and  serous  fluids,  but  in  health  mere  traces  occur  in  the  sweat,  while  they 
are  absent  from  the  bile  and  the  urine.  Unboiled  white  of  egg  is  the  type.  In  the  aU- 
mentary  canal  they  are  changed  into  peptones.  The  chief  products  derived  from  their  oxida- 
tion within  tlie  body  are  COo,  HgO,  and  especially  urea,  which  contains  nearly  all  the  K  of  the 
proteids. 

[The  term  proteid  (irpcoTeiov,  pre-eminence)  was  given  by  Mulder,  and  is  now  used  as  synony- 
mous with  the  term  "  albuminous  body,"] 

Constitution  of  Proteids. — Their  chemical  constitution  is  quite  unknown.  The  N"  seems  to 
exist  in  two  distinct  conditions,  partly  loosely  combined,  so  as  to  yield  ammonia  readily  when 
they  are  decomposed,  and  partly  in  a  more  fixed  condition.  According  to  Pflüger,  part  of  the 
N  in  Uvi7ig  proteid  bodies  exists  in  the  form  of  cyanogen.  [Loew  supports  Pflüger's  view  that 
the  molecule  of  hving  (active)  albumin  diflers  from  that  of  dead  albumin,  as  he  finds  that  the 
living  protoplasm  of  certain  algaj  can  reduce  silver  in  very  dilute  alkaline  solutions,  which  dead 
protoplasm  cannot  do.]  The  proteid  molecule  is  very  large,  and  is  a  very  complex  one  ;  a  small 
part  of  the  molecule  is  composed  of  substances  from  the  group  of  aromatic  bodies  (which  become 
conspicuous  d  uring  putrefaction),  the  larger  part  of  the  molecule  belongs  to  the  fatty  bodies  ; 
during  the  oxidation  of  albumin  fatty  acids  especially  are  developed.  Carbohydrates  may  also 
appear  as  decomposition-products.  For  the  decompositions  during  digestion,  see  §  170,  and 
during  putrefaction,  §  184.  The  proteids  form  a  large  group  of  closely  related  substances,  all  of 
which  are  perhaps  modifications  of  the  same  body.  When  we  remember  that  the  infant 
manufactures  most  of  the  proteids  of  its  ever-growing  body  from  the  casein  in  milk,  this  last 
view  seems  not  improbable. 

Characters  of  Proteids.— Proteids,  the  anhydrides  of  peptones  (§  166),  are 
colloids  (§  191),  and  therefore  do  not  diffuse  easily  through  animal  membranes ; 
they  are  amorphous  and  [for  the  most  part]  do  not  crystallise,  and  hence  are 
isolated  with  difficulty ;  some  are  soluble,  others  are  insoluble  in  water ;  insoluble 
in  alcohol  and  in  ether  ;  rotate  the  ray  of  polarised  light  to  the  left;  when  burned 
they  give  the  odour  of  burned  horn.  Various  metallic  salts  and  alcohol  precipitate 
them  from  their  solutions ;  they  are  coagulated  by  heat,  mineral  acids,  and  the 
prolonged  action  of  alcohol.  Caustic  alkalies  dissolve  them  (yellow),  and  from 
this  solution  they  are  precipitated  by  acids.  By  powerful  oxidising  agents  they 
yield  carbamic  acid,  guanidin,  and  volatile  fatty  acids. 

Decomposition  of  proteids.— [The  number  and  varieties  of  these  products  are  exceedingly 
great,  so  that  it  is  not  easy  to  separate  the  several  products.  In  the  first  place,  there  is  great 
difficulty  in  getting  in  sufficient  quantity  a  perfectly  pure  proteid,  wherewith  to  institute  the 
necessary  experiments.  The  decomposition-products  of  albumin  when  acted  on  by  barium 
hydrate  have  been  most  fully  investigated.  The  action  of  concentrated  HCl,  potassic  perman- 
ganate, and  bromine  have  also  been  studied.  The  action  of  the  animal  or  vegetable  digestive 
ferments  is  very  important  (§  170),  and  specially  that  of  bacteria  causing  putrefaction  (§  184).] 
When  acted  upon  in  a  suitable  manner  by  acids  and  alkalies,  they  give  rise  to  the  decomposition- 
products— leucin  (10  to  18  per  cent.),  tyrosin  (0-25  to  2  per  cent),  aspartic  acid,  glutamic  acid, 
and  also  volatile  fatty  acids,  benzoic  and  hydrocyanic  acids,  and  aldehydes  of  benzoic  and  fatty 
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acids  ;  also  indol  {Hlasncdz,  Hehermann).  Similar  products  are  formed  during  pancreatic 
digestion  (§  170)  and  during  putrefaction  (§  184).  [Although  it  is  assumed  that  the  proteids 
have  the  closest  relation  to  urea,  no  one,  so  far,  has  succeeded  in  preparing  urea  by  the  direct 
decomposition  of  albumin.  Botli  by  the  action  of  acids  and  barium  hydrate,  the  splitting  up 
into  simpler  compounds  docs  not  take  place  at  once,  but  by  successive  stages,  one  to  the  forma- 
tion of  different  bodies.  Proteids,  -when  fully  decomposed,  either  by  acids  or  alkalies,  yield  as 
the  final  products  ammonia  and  amido-acids  ;  by  alkalies  also  carbonic,  acetic,  and  oxalic  acids. 
The  amido-acids  contain  several  series,  including  leucin,  tyrosin,  and  glutamic  acid.  But  all 
proteids  do  not  yield  these  three  bodies,  for  tyrosin  may  be  absent,  while  leucin,  so  far,  has 
iDeen  always  found.  It  has  therefore  been  attempted  to  classify  2)i"oteids  into  those  that  yield 
tyrosin  {i.e.,  aromatic  compounds)  and  those  that  do  not.  Classes  I. -VIII.,  p.  464,  yield  when 
decomposed  aromatic  bodies  (tyrosin,  indol,  phenol),  while  gelatin-yielding  bodies  and  spongin 
yield  no  aromatic  bodies.] 

[Electrolysis  of  Animal  Tissues  including  Proteids.— A  current  in  passing  through  a  tissue 
or  a  proteid  solution  is  conducted  almost  entirely  by  the  inorganic  constituents.  The  chemical 
effects  produced  on  the  proteid  constituents  are  due  to  secondary  actions  of  the  products  of 
electrolysis  of  the  salts.  At  the  positive  pole  coagulable  proteids  are  partly  coagulated  and  partly 
changed  into  acid-albumin  ;  at  the  negative  pole  alkali-albumin  is  formed.  When  blood  or  a 
pure  hsemoglobin  solution  is  electi'olysed,  methaemoglobin  and  then  acid-htematin  are  formed  at 
the  anode,  but  not  if  a  reducing  agent  be  present ;  alkali-hjematin  is  formed  at  the  cathode 
{G.  N.  Steivart).'\ 

General  Reactions  of  Proteids. — (1)  Xanthroproteic  Reaction. — Heated  with 
strong  nitric  acid  they  give  a  yelloio,  the  addition  of  excess  of  ammonia  gives  a 
deep  orange  colour.  [The  deepening  of  the  colour  from  yellow  to  orange  is  the 
most  important  part  of  the  reaction  and  is  one  of  the  best  tests  for  the  presence  of 
proteids.] 

(2)  With  Millon's  reagent  they  give  a  white  precipitate,  and  when  heated  with 
this  reagent  above  60°  C.  they  give  a  brick-red  colour,  probably  owing  to  the 
formation  of  tyrosin,  [This  does  not  occur  in  the  presence  of  sodic  chloride.  If 
the  proteids  are  present  in  large  amount,  a  red  precipitate  occurs,  but  if  mere  traces 
are  present  only  the  fluid  becomes  red.] 

(3)  Biuret-reaction.— The  addition  of  a  few  drops  of  a  dilute  solution  of  cupric 
sulphate,  and  the  subsequent  addition  of  excess  of  caustic  potash  or  soda,  give 
a  violet  colour,  which  deepens  on  boiling.  The  biuret-reaction  is  so  called  because 
the  reddish-violet  colour  is  like  that  given  by  the  substance  biuret,  a  derivative 
of  urea.  This  is  sometimes  called  Piotrowski's  reaction.  [The  same  colour  is 
obtained  by  adding  a  few  drops  of  Fehling's  solution]. 

(4)  They  are  precipitated  after  strong  acidulation  by  acetic  acid  and  potas- 
sium ferrocyanide. 

(5)  Liebermann's  reaction. — When  proteids  are  washed  with  alcohol  and  ether 
and  then  boiled  with  concentrated  hydrochloric  acid,  they  give  a  violet-red  colour. 

(6)  Sulphuric  acid  containing  molybdic  acid  gives  a  blue  colour  {Fröhde). 

(7)  Adamkiewicz'  reaction. — Their  solution  in  glacial  acetic  acid  is  coloured 
violet  with  concentrated  sulphuric  acid,  and  shows  the  absorption-band  of 
hydrobilirubin. 

(8)  Iodine  is  a  good  microscopic  reagent,  which  strikes  a  brownish-yellow, 
while  sulphuric  acid  and  cane-sugar  give  a  purplish- violet  {E.  Schultz). 

[(9)  When  rendered  strongly  acid  with  acetic  acid  and  boiled  with  an  equal 
volume  of  a  concentrated  solution  of  sodic  sulphate,  they  are  precipitated.  This 
method  is  used  for  removing  proteids  from  other  liquids,  as  it  does  not  interfere 
with  the  presence  of  other  substances.  Saturation  with  sodio-magnesic  sulphate 
precipitates  the  proteids,  but  not  peptones,  and  the  same  is  the  case  with  satura- 
tion with  neutral  ammonia  sulphate  (§  249).] 

[(10)  The  precipitation  of  albumin  by  acids  is  more  delicate  when  the  acid  is 
dissolved  in  alcohol  containing  10  per  cent,  of  ether;  the  precipitate  is  not 
dissolved  by  an  excess  of  the  reagent.] 

[(11)  Most  of  them  are  precipitated  by  strong  mineral  acids,  and  metaphos- 
phoric  acid,  tannic  acid  (in  an  acid  solution),  phospho-tungstic  and  phospho- 
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molybdic  acids  (in  acid  solution) ;  jDotassio-mercuric  iodide  (in  acid  solutions) ; 
many  metallic  salts,  e.g.,  of  Cu,  Pb,  Ag,  Hg ;  chloral,  phenol,  trichloracetic  acid, 
picric  acid,  alcohol.  Taurocholic  acid  precipitates  albumin  and  syntonin,  but  not 
peptone  or  hemi-albumose  (§  181).] 

[(12)  On  adding  2-3  drops  of  a  weak  solution  of  benzaldehyd  with  a  fair 
amount  of  sulphuric  acid,  (1:1  water)  and  1  drop  of  ferric  sulphate,  albumin,  on 
being  heated,  or  after  standing,  gives  a  deep  blue  colour  {Reiche). 

[Precipitants  of  Proteids. — All  the  proteids  cannot  be  precipitated  with  equal 
ease,  the  albumoses  and  peptones  being  exceptions.  As  a  group  they  are  pre- 
cipitated by  (1)  strong  mineral  acids,  e.g.,  nitric,  phosphotungstic  and  metaphos- 
phoric  acids  ;  (2)  Salts  of  the  heavy  metals,  forming  an  albuminate  of  the  metal ; 
(3)  acetic  acid  and  ferro-cyanide  of  potassium  ;  (4)  acetic  acid  and  excess  of 
certain  neutral  salts  (^s^aCl,  NagSO^,  MgS04) ;  (5)  saturation  with  ammonium 
sulphate,  &c.;  (6)  picric  acid,  or  tannic  acid,  or  alcohol.] 

Proteids  may  be  removed  from  a  fluid  containing  tliem  by  means  of  (1)  Brücke's  method, 
i.e.,  jirecipitation  with  hydrochloric  acid  and  potassio-mercuric  iodide  (p.  318).  (2)  By  boiling 
a  faintly  acid  fluid  containing  them.  (3)  Wenz's  method,  viz.,  saturating  the  liquid  with 
ainnmninm  sulphate  which  precipitates  all  proteids  except  peptones.] 

[Coagulation  of  Proteids  by  Heat. — When  a  soluble  proteid  passes  into  an 
insoluble  one  by  heat,  this  is  called  heat-coagulation.  The  proteids  coagulated  by 
heat  are  egg -albumin,  serum-albumin,  and  globulins,  but  the  temperature  at  which 
this  remarkable  change  takes  place  has  been  shown  to  vary  with  the  nature  of 
the  proteids  present  in  the  solution  (Fractional  heat-coagulation,  p.  44)  with  the 
concentration  of  the  solution,  and  also  with  the  quantity  and  nature  of  the  salts 
present.  The  following  table  after  Halliburton  shows  the  temperatures  of 
coagulation  of  some  of  the  principle  proteids  : 


Albumins. 


Egg-albumin, 
Serum-albumin  a, 
^, 
% 

Cell-albumin, 
Muscle  albumin, 
Lact-albumin, 


73°C 

75° 

77° 

84° 

73° 

73° 

77° 


Fibrinogen,  . 

Serum-globulin, 

Cell-globulin, 

Myosinogen,  . 

Myo-globulin, 

Vitellin, 

Crystallin, 


Globulins. 

56°C 
75° 
75° 
56° 
63° 
75° 
73°] 


249.  THE  ANIMAL  PROTEIDS  AND  THEIR  CHARACTERS.— Class  I— 

Native  Albumins  occur  in  a  natural  condition  in  animal  solids  and  fluids.  They 
are  soluble  in  water  [in  dilute  saline  solutions  and  in  saturated  solutions  of 
sodic  chloride  and  magnesium  sulphate],  and  are  not  precipitated  by  alkaline  car- 
bonates, KaCl,  or  by  very  dilute  acids.  [They  are  precipitated  by  saturating  their 
solutions  with  ammonium  sulphate.]  Their  solutions  are  coagulated  by  heating 
at  65°  to  73°  C.  Dried  at  40°  C,  they  yield  a  clear,  yellow,  amber-coloured, 
friable  mass,  "soluble  albumin,"  which  is  soluble  in  water. 

(1)  Serum-albumin  (§  32  and  §  41).— Its  specific  rotatory  power  is  -  56°.  Ahnost  all  its 
salts  may  be  removed  from  it  by  dialysis,  when  it  is  no  longer  coagulated  by  heat.  _  It  is 
coagulated  by  strong  alcohol ;  and  not  very  readily  precipitated  by  hydrochloric  acid,  while  the 
precipitate  so  formed  is  easily  dissolved  on  adding  more  acid.  When  precipitated,  it  is  readily 
soluble  in  strong  nitric  acid.  It  is  not  precipitated  when  shaken  up  with  ether.  The  addition 
of  water  to  the  hydrochloric  solution  precipitates  acid-albumin.  For  its  presence  abnormally 
in  urine,  §  264. 

(2)  Egg-albumin.— When  injected  into  the  blood-vessels  or  under  the  skin,  or  even  when 
introduced  in  large  quantity  into  the  intestine,  part  of  it  appears  unchanged  in  the  urine  (§  192, 
4,  and  §  264).  When  shaken  with  ether  it  is  precipitated.  These  two  reactions  serve  to  dis- 
tinguish it  from  (1).  The  specific  rotation  is  -  35-5,  i.e.,  tor  yellow  light.  Amount  of  S,  l'ö 
per  cent. 

(3)  Muscle-albumin,  i.e.,  the  proteid  extracted  from  muscle  by  water  (§  293). 

(4)  CeU-albumin  (§  24), 

(5)  Lact-albumin  (§  231). 


Sec.  249.]  GLOBULINS  AND  DERIVED  ALBUMINS. 
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Class  II. — Globulins  are  native  proteids,  insoluble  in  distilled  water,  but 
soluble  in  dilute  neutral  saline  solutions,  i.e.,  neutral  solutions  of  the  alkalies 
and  alkaline  earths,  e.g.,  I^aCl,  KCl,  XH^Cl,  is^a^SO^,  (but  not  Na^CO^,  NagPO,), 
sodium  chloride  of  1  per  cent.,  and  in  magnesium  sulphate.  [They  are  insoluble 
in  concentrated  solutions  of  NaCl,  MgSO^,  (^334)2  SO4.]  These  solutions  are 
coagulated  by  heat,  and  are  precipitated  by  the  addition  of  a  large  quantity  of 
water.  Most  of  them  are  precipitated  from  their  sodium  chloride  solution  by  the 
addition  of  crystals  of  sodium  chloride,  and  also  hy  saturatinrj  their  neutral  solu- 
tion at  30°  'with  crystals  of  magnesium  sulphate  or  ammonium  sulphate.  When 
acted  upon  by  dilute  acids  they  yield  acid-albumin,  and  by  dilute  alkalies,  alkali- 
albumin. 

(1)  Globulin  (Crystallin)  is  obtained  by  passing  a  stream  of  CO.^  through  a  watery  exti-act  of 
the  crystalline  lens. 

(2)  Vitellin  is  the  chief  proteid  in  the  yolk  of  egg.  It  is  also  said  to  occur  in  the  chyle  (1) 
and  in  the  amniotic  fluid  (  Wcyl).  Both  the  foregoing  are  not  precipitated  from  their  neutral 
solutions  by  saturation  with  sodium  chloride. 

(3)  Para-globulin  or  Serum-globulin  in  blood-plasma  (§  29),  and  abnormally  in  urine 
(§  264). 

(4)  Fibrinogen  (§  29). — In  the  clear  jelly-like  secretion  of  the  vesicular  seminales  of  the 
guinea-pig,  there  is  a  globulin-like  body  closely  resembling  fibrinogen.  It  contains  29  per  cent, 
of  albumin,  with  scarcely  any  ash.  If  it  be  touched  with  a  trace  of  blood-serum,  without 
mixing  them,  it  gradually  and  completely  forms  a  solid  mass  quite  like  fibrin. 

(5)  Myosinogen,  from  which  is  formed  rayosin,  is  the  chief  proteid  in  dead  muscle.  Its 
coagulation  in  muscle  post-7nortem  constitutes  rigor  mortis.  If  muscle  be  repeatedly  washed, 
and  afterward  treated  with  a  10  per  cent,  solution  of  sodium  or  ammonium  chloi'ide,  it  yields 
a  viscid  fluid  which,  when  dropped  into  a  large  cjuantity  of  distilled  water,  gives  a  white 
flocculent  precipitate  of  myosin.  It  is  also  precipitated  from  its  NaCl  solution  by  crystals  of 
NaCl.    For  Kühne's  and  other  methods,  see  §  293. 

(6)  Globin  {Preyer),  the  proteid  constituent  of  hajmoglobin  (§  18). 

Class  III. — Derived  Albumins  (Albuminates). — [They  are  obtained  by  the 
action  of  acids  or  alkalies  on  albumins,  globulins  or  other  proteids  ;  are  insoluble 
in  pure  water,  but  are  soluble  in  acid  or  alkaline  solutions,  or  in  weak  saline 
solutions.  Like  globulins,  they  are  precipitated  by  saturation  with  neutral  salts 
(XaCl,  MgSO^,  (NH4)2  SO4).    Their  solutions  are  not  coagulated  by  heat.J 

(1)  Acid-albumin  or  Syntonin.  — When  proteids  are  dissolved  in  the  stronger  acids,  e.g., 
hydrochloric,  they  become  changeil  into  acid-albumins.  They  are  precipitated  from  solution  by 
the  addition  of  many  salts,  sodic  chloride,  acetate  or  phosphate,  or  by  neutralisation  with  an 
alkali,  e.g.,  sodic  carbonate,  but  they  are  not  precipitated  by  heat.  The  concentrated  solution 
gelatinises  in  the  cold,  and  is  redissolved  by  heat.  Syntonin,  which  is  obtained  by  the  pro- 
longed action  of  dilute  hydrochloric  acid  (2  per  1000)  upon  minced  muscle,  is  also  an  acid 
albumin.  It  is  formed  also  in  the  stomach  during  digestion  (§  166,  I.).  According  to  Soyka, 
the  alkali-  and  acid-albumins  differ  from  each  other  only  in  so  far  as  the  proteid  in  the  one  case 
is  united  with  the  base  (metal)  and  in  the  other  with  the  acid. 

(2)  Alkali-albumin. — If  egg-  or  serum-albumin  be  acted  upon  for  some  time  by  dilute 
alkalies,  a  solution  of  alkali-albumin  is  obtained.  Strong  caustic  potash  acts  upon  white  of 
egg,  and  yields  a  thick  jelly,  Lieberkühn's  jelly.  The  solution  is  not  precipitated  by  heat,  but 
it  is  precipitated  by  the  addition  of  an  acid.  [Although  alkali-albumin  is  precipitated 
on  neutralisation,  this  is  not  the  case  in  the  presence  of  alkaline  phosphates,  e.g.,  sodic 
phosphate.] 

(3)  Casein  is  the  chief  proteid  in  milk  (§  231).  It  is  precipitated  by  acids  and  by  rennet  at 
40°  C.  In  its  characters  it  is  closely  related  to  alkali-albuniinate,  but  it  contains  more  N.  It 
contains  a  large  amount  of  phosphorus  (0*83  per  cent).  It  may  be  precipitated  from  milk  by 
diluting  it  with  several  times  its  volume  of  water  and  adding  dilute  acetic  acid,  or  by  adding 
magnesium  sulphate  crystals  to  milk  and  shaking  vigorously.  Owing  to  the  large  amount  of 
phosphorus  which  it  contains,  it  is  sometimes  referred  to  the  nucleo-albumins.  When  it  is 
digested  with  dilute  HCl  (01  per  cent.)  and  pepsin  at  the  temperature  of  the  body,  it  gradually 
yields  nuclein. 

[Caseinogen  and  Casein. — Halliburton  has  recently  suggested  that  the  term  caseinogeu  should 
be  applied  to  the  chief  proteid  as  it  exists  in  milk,  reserving  the  term  casein  for  the  precipitate 
obtained  in  milk  by  the  action  of  rennet  in  the  presence  of  calcium  salts.  Caseinogen  is 
precipitated  from  milk  by  saturating  the  milk  with  neutral  salts  (MgS04,  NaCl)  or  by 
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adding  a  very  small  amouut  of  acid  (acetic).  This  tenuiuology  brings  the  inilk-proteid 
in  line  with  some  other  proteids,  e.g.,  myosin  from  myosinogen  ;  fibrin  from  fibrinogen,  &c. 
Casein,  therefore,  would  be  classed  "with  fibrin,  myosin,  glutin,  as  proteids,  more  orless  insoluble, 
which  are  produced  by  ferment  action  from  other  proteids  of  more  soluble  nature."  It  is  more 
difficult  to  classify  caseinogen,  for  in  some  respects  it  resembles  alkali  albumin  and  in  others 
the  globulins,  but  it  differs  from  both,  and  Halliburton  suggests  that  it  should  be  put  into  a 
class  intermediate  between  the  albuminates  and  the  globulins.] 

[Class  IV. — Proteoses. — This  name  is  given  to  a  number  of  products  formed 
during  the  hydration  of  proteids.  They  are  formed  by  the  action  of  gastric  or 
pancreatic  juice  on  proteids,  the  final  product  being  peptone.  They  may  also 
be  formed  by  heating  proteids  with  water,  steam,  or  dilute  mineral  acids.  They  are 
only  slightly  diffusible.  Suppose  we  start  with  albumin,  before  the  stage  of 
peptone  is  reached,  an  intermediate  body,  albumose,  is  formed ;  this  body  is  a  pro- 
teose. The  particular  proteose  formed  depends  on  the  nature  of  the  original  pro- 
teid  ;  thus  albumin  yields  albumoses  ;  globulin  globuloses  ;  myosin  myosinoses, 
casein  caseoses,  &c.,  (§  166). 

They  are  not  coagulated  by  heat ;  they  are  precipitated,  but  not  coagulated 
by  alcohol ;  with  the  biuret  test  they  give  a  rosy  pink  colour.  They  are  pre- 
cipitated by  nitric  acid,  but  the  precipitate  is  soluble  on  heating  and  reappears 
on  cooling. 

There  are  two  varieties  ;  suppose  we  take  albumin  as  the  original  proteid  then 
we  obtain  hemi-albumose,  which  can  be  changed  into  hemi-peptone ;  and  anti- 
albmnose,  Avhich  is  changed  during  digestion  into  anti-peptone.] 

[They  are  classified  according  to  their  solubilities  into  : — 

(a)  Proto-albumose,  which  is  soluble  in  cold  and  hot  water  and  saline  solutions,  but  it  is 
precipitated  like  globulins  by  saturation  with  NaCl  or  MgS04. 

{h)  Hetero-albumose  is  insoluble  in  water,  soluble  in  0-5-15  per  cent.  ISTaCl  solutions  in 
the  cold.  It  is  precipitated  by  dialysing  out  the  salt  from  its  solutions.  It  is  precipitated  by 
saturation  with  salts. 

(c)  Deutero-albumose  is  soluble  in  cold  and  hot  water,  not  precipitated  by  saturation  with 
NaCl  or  MgS04,  but  by  ammonium  sulphate. 

Proto-  and  hetero-albumose  are  sometimes  called  the  primary  albumoses,  while  deutero- 
albumose  is  a  stage  much  nearer  to  peptone. 

The  following  table  from  Halliburton  shows  the  chief  properties  of  these  bodies  and  also 
of  peptone  : — 


Variety  of  Proteid. 

Hot  and 
Cold  Water. 

Hot  and 
C<«Id  Saline 
Solutions, 
e.g ,  lf>  per 
cent.  NaCl 

Saturation 
■with  NaCl  or 
MgSOj. 

Saturation 
with  Am2 
SO4. 

Nitric  Acid. 

Copper 
Sulphate. 

Biuret  Test, 
i.e..  Copper 

Sulphate 
and  Caustic 
Potash. 

f 

I 

Proto-Albumose 

Soluble. 

Soluble. 

Precipitated. 

Precipitated. 

Precipitated 
in  cold : 
precipitate 
dissolves 
with  heat 
and  re- 
appears on 
cooling. 

Precipitated. 

Rose-red 
colour. 

( 

1 

Hetero-Albiunose  ■{ 

Insoluble, 
i.e.,  pre- 
cipitated 
by  dialysis 
from  saline 
solutions. 

Soluble; 
partly  pre- 
cipitated 
but  not 
coagulated 
on  heating 
to  65°  C. 

Precipitated. 

Precipitated. 

Do. 

Precipitated. 

Do. 

Deutero-Albumo  se-<; 

V 

Soluble. 

Soluble 

Not  precipi- 
tated. 

Precipitated. 

This  reaction 
only  occurs 
in  presence 
of  excess 
of  salts. 

Not  precipi- 
tated. 

Do. 

Peptone  ^ 

Soluble. 

1 

Soluble. 

Not  precipi- 
tated. 

Not  precipi- 
tated. . 

Not  precipi- 
tated. 

Not  precipi- 
tated. 

Do.] 
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Class  v.— Peptones. — Tliero  are  two  classes,  Hemipeptone  and  Antipeptone. 

The  former  can  be  sj^lit  up  by  pancreatic  juice  into  simple  products,  e.g.,  leucin  and 
tyrosin_(§  170,  II.);  the  latter  not.  Is^r  does  the  latter  give  Millon's  reaction. 
Both  difiuse  readily. 

Class  VI.— Fibrin.— (§  72)  and  for  the  precursors  of  fibrin  (§  29). 

^^^!%ypA~^T°^^^*?^^''°*^'^-~^^^^'''  ^'^y  albumins  or  globulins  are  coagulated, 

e.g.,  at  70  they  yield  bodies  with  altered  characters,  insoluble  in  water  and  saline  solutions 
but  soluble  m  boiling  strong  acids  and  alkalies,  when  they  are  apt  to  split  up  They  are  dis- 
solved during  gastric  and  pancreatic  digestion  to  produce  peptones. 

[Halliburton  divides  coagulated  proteids— (1),  those  coagulated  by  heat,  and  (2)  those 
coagulated  by  the  action  of  ferments.  In  the  latter  class  is  included  fibrin,  myosin,  casein  and 
anti-albumm.]  '    j       5  ? 

Class  VIII.— Lardacein  and  other  Bodies.— There  fall  to  be  mentioned  the  "yelk-plates  " 

which  occur  m  the  yelk  :— Ichthin  (cartilaginous  fishes,  frog)  ;  Ichthidin  (osseous  fishes)  • 
Ichthulm  (salmon)  ;  Emydin  (tortoise)  ;  also  the  indigestible  amyloid  substance  or  lardacein 
which  occurs  chiefly  as  a  pathological  infiltration  into  various  organs,  as  the  liver  spleen' 
kidneys  and  blood-vessels.  It  gives  a  blue  with  iodine  and  sulphuric  acid  (like  cellulose  and 
a  mahogany-brown  with  iodine.  It  is  difficult  to  change  it  into  an  albuminate  by  the  action 
acids  and  alkalies.  ^ 

Appendix:  Vegetable  Proteid  Bodies. -Plants,  like  animals,  contain  proteid  bodies, 
although  in  less  amount.  _  They  occur  either  in  solution  in  the  juices  of  living  plants  or  in  the 
soua  torm.    In  composition  and  reaction  they  resemble  animal  proteids 

[The  characters  of  vegetable  proteids  have  a  great  resemblance  to  animal  proteids.  They 
have  frequently  been  obtained  in  a  crystalline  form,  e.g.,  from  the  seeds  of  the  gourd  and 
various  oleaginous  seeds.  They  occur  in  greatest  bulk  in  the  seeds  of  plants,  aleurone  grains 
being  for  the  most  part  composed  of  them.  In  seeds,  globulins  and  "  vegetable  peptone  "  forni 
the  greater  proportion  of  the  proteid  constituents.] 

[Albumin  —The  existence  of  a  body  corresponding  to  egg-  or  serum-albumin  in  the  vegetable 
kingdom  is  doubtful  (Eitthausen).    Such  a  body  has  been  described  in  papaw  juice  (Martioi)  1 

[Wobulms.— Three  varieties  have  been  described  as  occurring  in  the  seeds  of  plants  •— 
3  f  t^'^^T' paraglobulin  (Martm).  They  have  practically  the  same  pro- 
perties as  those  found  in  the  animal  ki.igdom  :  vegetable  vitellin  has,  however,  not  been  suffi- 
«pS  n/i        •■  has  been  found  in  papaw  juice  {Marä7i).    Myosin  occurs  in  the 

teä^n  pif  nTs'f''''         ''''  t^^obulins  are  by  far  the  most  abundant  pro- 

[Vegetable  Peptone:  Albnmoses. -A  true  peptone  has  not  yet  been  recognised  in  plants  • 
what  has  been  described  as  such  is  hemi-albumose  ( Vines).  Albumoses  have  been  foun.f  in  the 
seeds  of  leguminosv.e,  in  flour,  and  in  papaw  juice.  In  the  last,  two  forms  occur,  called  respec- 
tively a-  and  ^-  phytalbumose.    The  former,  a-phytalbumose,  agrees  with  the  h.mi-albun  ose 

™t  t.ti\  ^T"     If        '^^1  f"^  ^^^'^"S  "^^^^  '  ^  biuret-react  on,  nd 

a  piecipitate  by  saturation  with  sodium  chloride  only  in  an  acid  solution.  The  latter  ß-phytal- 
bumose  IS  soluble  m  cold,  but  not  in  boiling,  distilled  water  ;  hence  it  is  precipitated  by  heat. 
reaSion  (irrS^.]     """^  ^  saturation  with  sodium  chloride,  and  gives  a  faint  biuret- 

[Vegetable  Casein  is  said  to  occur  in  the  seeds  of  leguminosae  ;  and  it  is  slightly  soluble  in 

t^f ■?  l^r'^  ^\^'^'''  «^^•^^^^^^  «f  phosphate^   Absolution  of 

this  body  IS  precipitated  by  acids  and  rennet.    Two  varieties  have  been  described,-(a)  legumin 
m  peas  beans,  lentils  ;  acid  in  reaction,  soluble  in  weak  alkalies  and  very  dilute  HCl  or  acetic 
acid;  iß)  conglutin,  a  very  similar  body  occurring  in  hops  and  almonds.    The  ex  stence  of 
vegetable  casein  is  denied.    Vines  states  that  both  le^gumin  and  conglutin  are  art  ficiaf;  edicts 

[Gluten  -Gluten  is  readily  prepared  from  flour  by  washing  and  kneading  it  in  a  muslin  ba- 
under  a  stream  of  water.  It  is  probably  formed  by  the  fermentation  from  the  piXids  pie'' 
existing  in  flour.  So  prepared,  it  is  yellowish-brown  in  colour,  very  sticky,  and  capable  of 
being  drawn  out  into  long  shreds.  It  is  insoluble  in  water,  'solnWe  (but^  no  compl  tely 
by  prolonged  action  in  d.lute  acids  and  alkalies  ("2  per  cen  .  KHO  and  HCl)  T 1  e  p  ^ 
onged  action  of  alcohol  (80  to  85  per  cent. )  dissolves  part  of  the  substance  oTg  uten  eavC 
Sin"/^^^^^^^  plant-fibrin  and  by  Ritthausen  gluten -casein.    The  afcohol'coiitai  ^ 

gliadin  (glutm),  gluten-fibrm,  and  mucedm.  Gluten-casein  is  readily  soluble  in  dilute  alkalies 
diT  nf"•^^^^''"  ^^l"/.«^«fi^«<^id'  and  quite  insoluble  in  cold  and  boiling  wate7,  he  pro: 
Jrdcac  ds    ^.^X^^t^^^^V^^y  T'^  H,SO,are  leucin,  tyrosin,  glutamic,  and  aspaia- 

ginic  acids.  The  three  bodies  dissolved  from  gluten  by  alcohol  diff^er  chiefly  in  their  solul  ilitv 
lohol  r""^  '"in-  fl'^'^-^^T'  '^'^  ^'^'^  ««l^^ble,  is  coagulated  by  the  act  on  of  absolut 
alcohol  ;  it  IS  readily  soluble  m  dilute  acids  and  alkalies,  being  precipitated  by  neutralisation! 
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Gliadin  (glutin,  plant-gelatin)  may  be  prepared  by  boiling  gluten  with  water  :  it  deposits  on 
coolinc^  the  solution.  Though  soluble  in  water  at  100°  C.  at  first,  it  becomes  insoluble  by  the 
prolon°  ed  action  of  water  at  that  temperature.  It  is,  like  gluten-fibrin,  soluble  m  dilute  acids 
and  alkalies.  Mucedin  differs  from  gliadin  in  being  less  soluble  in  strong  alcohol.  The  water 
used  in  washing  the  flour  in  the  preparation  of  gluten  contains  hemi-albumose  (Vines)  and  a 
globulin  (  Weyt).    Rye-flour,  as  well  as  wheaten,  yields  gluten  under  similar  treatment  with 

^^^[Nitrogenous  Crystalline  Principles.— Leucin,  tyrosin,  asparagin,  and  glutamic  acid  have 
been  found  in  the  seeds  of  plants.] 

Poisonous  Proteids. -^Many  of  the  proteids  are  poisonous,  and  some  of  them 
are  the  products  of  the  metabolic  activity  of  micro-organisms,  which  seem  to  play 
an  important  part  in  the  causation  of  disease.  Amongst  poisonous  animal-proteids 
are  those  of  snake-poison,  e.g.,  of  the  cobra  and  viper  which  contain  [-tox-albumms, 
-globuHns,  and  -albumoses  ;'the  proteids  in  the  serum  of  the  conger  eel  and  other 
fishes  (p.  45),  and  the  albumoses  and  peptones  produced  during  digestion.  Some 
of  the  products  obtained  by  cultivating  specific  bacilli  in  a  culture  fluid  containing 
proteid,  when  injected  into  an  animal,  may  render  that  animal  immune  against  an 
attack  of  certain  diseases.  Hankin  has  shown  that  an  albuniose  is  capable  of  pro- 
tecting animals  against  splenic  fever.  These  bodies  are  called  "protective 
proteids."] 

250.  (2)  THE  ALBUMINOIDS  AND  FERMENTS.— These  substances  closely 
resemble  true  proteids  in  their  composition  and  origin,  and  are  amorphous  non- 
crystalline colloids  ;  some  of  them  do  not  contain  S,  but  the  most  of  them  have 
not  been  prepared  free  from  ash.  Their  reactions  and  decomposition-products 
closely  resemble  those  of  the  proteids  ;  some  of  them  produce,  in  addition  to 
leucin  and  tyrosin,  glycin  and  alanin  (amido-propionic  acid).  They  occur  as 
organised  constituents  of  the  tissues  and  also  in  fluid  form.  It  is  unknown 
whether  they  are  formed  by  oxidation  from  proteid  bodies  or  by  synthesis. 

1  Mucin  is  the  characteristic  substance  present  in  mucus.  That  obtained  from  the  sub- 
maxillary gland  contains— C  52-31,  H  7-22,  N  11-84,  0  28-63.  According  to  Hammarsten,  it 
contains  S  I -79  and  N  13-5  per  cent.  It  dissolves  in  water,  making  it  sticky  or  slimy,  and  can 
be  filtered.  It  is  precipitated  by  acetic  acid  and  alcohol  ;  and  the  alcohol  precipitate  is  again 
soluble  in  water.  It  is  not  precipitated  by  acetic  acid  and  ferrocyanide  of  potassium,  but  HNO^ 
and  other  mineral  acids  precipitate  it.  It  gives  the  xantho-proteic  reaction,  and  becomes 
red  with  Millon's  reagent.  Occurrence.— It  occurs  in  saliva  (§  146),  in  bile,  m  mucous  glands, 
secretions  of  mucous  membranes,  in  mucous  tissue,  in  synovia,  and  in  tendons.  [The  mucm- 
like  body  occurring  in  synovia,  which  renders  synovia  viscous,  is  said  by  Hammarsten  not  to 
be  true  mucin,  but  a  nucleo-albumin  containing  5  percent,  of  phosphorus.]  Pathologically 
it  occurs  not  unfrequently  in  cysts  ;  in  the  animal  kingdom,  especially  in  snails  and  in  the 
skin  of  holothurians.  It  yields  leucin  and  7  per  cent,  of  tyrosin  when  it  is  decomposed  by 
i)rolonged  boiling  with  sulphuric  acid.  Mucin  behaves  like  a  glucoside  ;  under  the  action 
of  dilute  mineral  acids  at  a  high  temperature,  it  splits  up  into  an  albuminous  body  and  a 
carbohydrate  (Lcebisch).  [The  precipitate  called  mucin  has  not  always  the  same  characters, 
and,  in  fact,  it  diflers  according  to  the  animal  from  which  it  is  obtained  (Lanchvehr).  ihe 
so-called  mucin  of  bile  is  probably  a  nucleo-albumin  (§  177).]  _        ,      i     •  -j 

2.  Nuclein  (§  2i).—3Iiescher  gives  the  formula  C.29H49N9P3O2.— contains  phosphoric  acid, 
which  cannot  be  separated  from  it  in  the  cold  by  dilute  neutral  acids.  It  is  slightly  soluble  m 
water,  easily  in  ammonia,  alkaline  carbonates,  strong  HNO3.  It  occurs  m  the  nuclei  ot  pus 
and  blood-corpuscles  (§  22),  in  spermatozoids,  yelk-spheres,  liver,  brain,  and  milk,  yeast  tungi, 
and  many  seeds.  It  has  resemblances  to  mucin,  and  is  perhaps  an  intermediate  product  between 
albumin  and  lecithin  {Hoppe- Seyler).  It  is  prepared  by  the  artificial  digestion  of  pus  when  it 
remains  as  an  indigestible  residue  ;  acids  precipitate  it  from  an  alkaline  solution,  it  gives  a 
feeble  xantho-proteic  reaction  ;  after  the  prolonged  action  of  alkalies  and  acid,  substances 
similar  to  albumin  and  syntonin  are  formed.  Hypoxanthin  and  guanin  have  been  obtained  as 
decomposition-products  from  it  {Kossel).  [A  product  intermediate  between  nuclein  and  hypo- 
xanthin is  adenin.]  .        ,         •         n    f  ^-^r,  \ 

3  Keratin  occurs  in  all  horny  and  epidermic  tissues  (epidermic  scales,  hairs,  naiis,  learners^ 
— C  50-3-52-5,  H  6-4-7,  N  16-2-17,  0  20-8-25,  S  0'7-5  per  cent.— is  soluble  m  boiling  caustic 
alkalies,  but  swells  up  in  cold  concentrated  acetic  acid.  When  decomposed  by  H2SO4  it  yields 
10  per  cent,  leucin  and  3-6  jjer  cent,  tyrosin.    Neuro-keratin  (§  321). 

4.  Fibroin  is  soluble  in  strong  alkalies  and  mineral  acids,  in  ammonio-sulphate  ot  copper  ; 
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when  boiled  with  H2SO4  it  yields  5  per  cent,  tyrosin,  leucin,  and  glycin.  It  is  the  chief  con- 
stituent of  the  cocoo'ns  of  insects  and  threads  of  spiders. 

5.  Spongln,  allied  to  fibroin,  occurs  in  the  bath-sponge,  and  yields,  as  decomposition -pro- 
ducts, leucin  and  glycin  {Stadder). 

6.  Elastin,  the  fundamental  substance  in  elastic  tissue,  is  soluble  only  when  boiled  in  con- 
centrated caustic  potash— C  55-55-6,  H  7-1-7-7,  N  16-1-17-7,  0  19-2-21-1  per  cent.  It  yields 
36  to  45  per  cent,  of  leucin  and  1  per  cent,  of  tyrosin.  [When  elastin  is  digested,  elastoses  are 
formed.] 

7.  Gelatin  (Glutin),  obtained  from  connective-tissues  by  prolonged  boiling  with  water  ;  it 
gelatinises  in  the  cold— C  52-2-507,  H  6-6-7 '2,  K  17-9-18-8,  S-t-0  23-5-25  (S  0-7  per  cent.). 
[Some  authors  state  that  it  contains  no  sulphur.]  [The  ordinary  connective-tissues  are 
supposed  to  contain  the  hypothetical  anhydride  collagen,  while  the  organic  basis  of  bone  is 
called  ossein.]  It  rotates  the  ray  of  polarised  light  strongly  to  the  left=  -  130°.  By  prolonged 
boiling  and  digestion,  it  is  converted  into  a  peptone-like  body  (gelatin-peptone),  which  does 
not  gelatinise  (§  161,  I.).  [It  swells  up,  but  does  not  dissolve  in  cold  water;  when  dissolved 
in  warm  water,  and  tinged  with  Berlin  blue  or  carmine,  it  forms  the  usual  coloured  mass  which 
is  employed  by  histologists  for  making  tine  transparent  injections  of  blood-vessels.]  A  body 
resembling  gelatin  is  found  in  leukfemic  blood  and  in  the  juice  of  the  spleen  (§  103,  I.).  AVhen 
decomposed  with  sulphuric  acid  it  yields  glycin,  ammonia,  leucin,  hut  no  tyrosin.  [It  is 
precipitated  from  its  solution  by  alcohol,  mercuric  chloride,  metaphosphoric  acid,  phospho^ 
tungstic  acid,  taurocholic  acid,  tannic  acid,  but  the  precipitate  with  the  last  does  not  occur 
when  salts  are  absent.  It  is  readily  soluble  in  dilute  acids,  even  in  acetic  acid.  When  boiled 
with  Millon's  reagent,  it  is  not  coloured  red.  With  cupric  sulphate  and  caustic  soda  it  gives  a 
violet  colour,  which,  on  boiling,  becomes  light  red.  It  gives  no  colour  with  concentrated 
H0SO4  and  acetic  acid.] 

tGelatin,  when  treated  with  superheated  steam  or  digested,  yields  intermediate  bodies, 
analogous  to  the  proteoses,  and  tinally  a  gelatin-peptone  is  formed  (§  166,  III.),  which,  how- 
ever, differs  from  proteid-peptone  as  follows  {Salkowski)  : — 


Proteid  Peptone. 

Gelatin. 



G  elat  in-Peptone. 

Adamkievvicz'  reaction, 
Addition     of     an     equal  '| 
volume   of   concentrated  h 
SO4,  J 
Millon's  reaction, 

Xantho-proteic  reaction,  . 

Violet. 

Dark  brown. 

Reddish  precipi- 
tate. 
Deep  yellow. 

Yellowish. 
Yellow. 

Colourless. 
Lemon-yellow. 

Yellowish. 
Yellow. 
Colourless. 
Lemon-yellow. 

[According  to  the  analysis  of  Hofmeister,  the  percentage  composition  of  the  gelatinous 
substances  varies  within  the  following  limits  :  — 


i      Gelatin  from  bone. 

1 

Chonchin. 

Albumin. 

Carbon,      .       .       .  i  49-3-50-8 
Hydrogen,  .       .       .            6*5  -  6-6 
Nitrogen,   .       .       .  17-5-18-4 
Sulphur,     ...  0-56? 
Oxygen,     .       .       .           24-9  -26*0 

47-7-50-2 
6-6-  6-8 

13-9-14'l 
0-4-  0-6? 

29-0-51-0 

50-0 -55-0 
6-6-  7-3 

15-0-19-0 
0-3-  2-4 

19-0-24-0] 

8.  Chondrin  occurs  in  the  matrix  of  hyaline  cartilage  and  between  the  til^res  in  fibro-cartilage. 
It  is  obtained  from  hyaline  cartilage  and  the  cornea  by  boiling.  [Its  solutions  gelatinise  on 
cooling.]  It  occurs  also  in  the  mantle  of  molluscs— C  49-5-50-6,  H  6-6-7-1,  N  14-4-14-9,  S-fO 
27-2-29  (S  0-4  per  cent.).  When  boiled  with  sulphuric  acid  it  yields  leucin  ;  with  hydrochloric 
acid,  and  when  digested,  chondro-glucose  [Meissner)  ;  it  belongs  to  the  glucosides  which  con- 
tain N'.  When  acted  upon  by  oxidising  reagents  it  is  converted  into  gelatin  [Brame).  The 
substance  which  yields  chondrin  is  called  chondrigen,  which  is  perhaps  an  anhydride  of  chon- 
drin. The  following  properties  of  gelatin  and  chondrin  are  to  be  noted  ; — Gelatin  is  precipi- 
tated by  tannic  acid,  mercuric  chloride,  chlorine  water,  platinic  chloride,  and  alcohol,  but  not 
by  acids,  alum,  or  salts  of  silver,  iron,  copper,  or  lead  ;  its  specific  rotation  is=  -  130°.  [Com- 
pare these  precipitants  with  those  of  albumin.]  Chondrin  is  precipitated  by  acetic  acid  and 
dilute  sulphuric  and  hydrochloric  acids,  by  alum,  and  by  salts  of  silver,  iron,  and  lead;;_its 
specific  rotation  =  -  213°. 
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[The  following  table  after  Halliburton  shows  the  chief  reactions  of  chondrin 
compared  with  those  of  mucin  and  of  gelatin  : — 


Chondrin. 

Gelatin. 

Mucin. 

Solubilities. 

Acetic  acid. 

Mineral  acids. 

Tannic  acid. 
Mercuric  chloride. 
Lead  acetate. 
Alum. 

When  decomposed  by 
boiling  with  dilute 
mineral,  acids. 

Insoluble  in  cold  water, 
alcohol,  or  ether. 

Soluble  in  hot  water  ; 
sucli    sohitions  set 
into   a   jelly  when 
cold. 

Gives  a  precipitate  in- 
soluble in  excess. 

Give  a  precipitate 
soluble  in  excess. 

Gives  a  ])recipitate. 

Gives  a  precipitate. 

Gives  a  precipitate. 

Gives  a  precijiitate. 

A  reducing  sugar  is 
foi-med. 

Insoluble  in  cold 
water,  alcohol,  or 
ether. 

Soluble  in  hot  water; 
such  solutions  set 
into  a  jelly  when 
cold. 

Gives  no  precipitate. 

Give  no  precipitate. 

Gives  a  precipitate. 
Gives  a  precipitate. 
Gives  no  precipitate. 
Gives  no  jirecipitate. 
jSTo  reducing  sugar  is 
formed. 

Insoluble  in  cold 
water,  alcohol,  or 
ether. 

Insoluble  in  hot 
water. 

Gives  a  precipitate 
insoluble  in  excess. 

Give  a  precipitate 
soluble  in  excess. 

Gives  no  precipitate. 

Gives  no  precipitate. 

Gives  a  precipitate. 

Gives  a  precipitate. 

A  reducing  sugar  is 
formed. 

SO  that  chondrin  possesses  the  reactions  of  gelatin  and  also  those  of  mucin.] 

[9.  Nucleo-albumins  are  compounds  of  proteids  (usually  globulins)  and  nucleiii, 
and  occur  in  cell-jorotoplasm.  The  mucin-like  substance  in  bile  is  a  nucleo- 
albumin  (§  177).] 

10.  The  hydrolytie  ferments  have  recently  been  called  enzymes  by  W.  Kühne,  in 
order  to  distinguish  them  from  organised  ferments,  such  as  yeast.  The  enzymes, 
hydrolytie  or  organic  ferments,  act  only  in  the  presence  of  water.  They  act  upon 
certain  bodies,  causing  them  to  take  up  a  molecule  of  water.  They  all  decompose 
hydric  j^eroxide  into  water  and  (3.  They  are  most  active  between  30°  to  35°  C, 
and  are  destroyed  by  boiling,  but  when  dry  they  may  be  subjected  to  a  tempera- 
ture of  100°  without  being  destroyed.  Their  solutions,  if  kej^t  for  a  long  time, 
gradually  lose  their  properties,  and  undergo  more  or  less  decomposition.  [It  has 
been  proposed  to  apply  the  term  zymolysis  to  the  action  of  this  group  of  ferments 
(S.  Lea).] 

(a)  Sugar-forming,  amylolytic,  or  diastatic-ferment  occurs  in  saliva  (§  148), 
pancreatic  juice  (§  170),  intestinal  juice  (§  183),  bile  (§  180),  blood  (§  22),  chyle 
(§  198),  hver  (§  174),  and  human  milk  (§  231).  Invertin  in  intestinal  juice  (§  183). 
Almost  all  dead  tissues,  organic  fluids,  and  even  proteids,  although  only  to  a  slight 
degree,  may  act  diastatically.  Diastatic  ferments  are  very  generally  distributed  in 
the  vegetable  Jcincidom,  the  best  example  being  diastase. 

(5)  Proteolytic,  or  ferments  which  act  upon  proteids.— Pepsin  in  gastric 
juice  and  in  muscles  (§  166),  in  vetches,  myxomycetes  {Krukenherg),  trypsin  in 
the  pancreatic  juice  (§  170),  a  similar  ferment  in  the  intestinal  juice  (§  183),  and 
urine  (§  264). 

((')  Fat-decomposing  in  pancreatic  juice  (§  170),  in  the  stomach  (§  166). 

{d)  Milk-coagulating  rennet,  or  rennin,  in  the  stomach  (§  170),  and  perhaps 
also  in  the  intestinal  juice  (?) — (  W.  Roberts). 

[(e)  There  are,  however,  other  ferments,  e  g.,  coagulatlve  ferments,  e.g.,  fibrin 
ferment,  myosin  ferment,  and  a  ferment  from  Withania  coagulans.] 

[The  importance  of  fermentative  processes  has  already  been  referred  to  in 
detail  under  "Digestion,"  Ferments  are  bodies  which  excite  chemical  changes 
in  other  matter  with  which  they  are  brought  into  contact,  without  apparently 
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undergoing  any  change  tlicmselves,  or  at  least  they  do  not  enter  into  the  com- 
position of  the  final  product.    They  are  divided  into  two  classes  : — 

(1)  Unorganised;  soluble  or  non-living. 

(2)  Organised,  or  living.] 

[(1)  The  Unorganised  Ferments  are  those  mentioned  in  the  following  table. 
They  seem  to  be  nitrogenous  bodies,  although  their  exact  composition  is  unknown, 
and  it  is  doubtful  if  they  have  ever  been  obtained  perfectly  pure.  They  are 
present  in  many  secretions,  and  are  produced  within  the  body  by  the  vital  activity 
of  the  protoplasm  of  cells.  They  are  termed  soluble  because  they  are  soluble  in 
water,  glycerin,  and  some  other  substances  (§  148),  while  they  can  be  precipitated 
by  alcohol  and  some  other  reagents.  They  do  not  multiply  during  their  activity, 
nor  is  their  activity  prevented  by  a  certain  proportion  of  salicylic  acid.  They  are 
not  affected  by  oxygen  subjected  to  the  compression  of  many  atmospheres  (P.  Bert). 
They  are  non-living.    Their  other  properties  are  referred  to  above.] 

[The  unorganised  ferments  present  in  the  body,  and  their  actions  {W. 
Roberts) : — 


Fluid  or  Tissues. 

Fennenl. 

Actions. 

Saliva,  . 

1.  Ptyalin  (§  148), 

Converts  starch  chiefly  into  maltose. 

r 
i 

Gastric  juice,  -( 
I 

1.  Pepsin,  ,       .       .       .  1 

2.  Milk-curdlin^', 

3.  Lactic  acid  ferment, 

4.  Fat-splitting  (?),  . 

Converts  proteids  into  peptones  in  an  acid 
medium,  certain  bye-products  being 
formed  (§  166). 

Curdles  casein  of  milk. 

Splits  up  milk-sugar  into  lactic  acid. 

Splits  up  fats  into  glycerin  and  fatty  acids. 

r 

Pancreatic  j 
juice 

1.  Diastatic  or  amylopsin,  . 

2.  Trypsin,         .       .       .  | 

3.  Emulsive  (?),  . 

4.  Fat-splitting  or  steapsin, 

5.  Milk-curdling, 

Converts  starch  chiefly  into  maltose. 
Changes  proteids   into   peptones  in  an 

alkaline  medium,  certain  bye-products 

being  formed  (§  170). 
Emulsifies  fats. 

Splits  fats  into  glycerin  and  fatty  acids.. 
Curdles  casein  of  milk. 

r 

Intestinal  \ 
juice,  ^1 

I 

1.  Diastatic,       .       .       .  | 

2.  Proteolytic,  . 

3.  Invertin, 

4.  Milk-curdling, 

Does  not  form  maltose,  but  maltose  is 

changed  into  glucose  (§  183), 
Changes  fibrin  into  peptone  {i). 
Changes  cane-  into  grape-sugar. 
(?  in  small  intestine). 

Blood,  . 
Chvle,  . 
Liver  (?), 
Milk,  . 
Most  tissues,  . 

] 

)-  Diastatic  ferments. 

V 
J 

Muscle,  . 
Urine,  . 

j-  Pepsin  and  other  ferments. 

Blood,  . 

Fibrin  ferment. 

[(2)  The  Organised  or  living  ferments  are  represented  by  yeast  (§  235).  Other 
living  ferments  belonging  to  the  schizomycetes,  occurring  in  the  intestinal  canal, 
are  referred  to  in  §  184.  Yeast  causes  fermentation  by  splitting  up  sugar  into  CO2 
and  alcohol  (§  150),  but  this  result  only  occurs  so  long  as  the  yeast  is  living. 
Hence,  its  activity  is  coupled  with  the  vitality  of  the  cells  of  the  yeast.  If  yeast 
be  boiled,  or  if  it  be  mixed  with  carbolic  or  salicylic  acid,  or  chloroform,  all  of 
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which  destroy  its  activity,  it  cannot  produce  the  alcoholic  fermentation.  As  yet 
no  one  has  succeeded  in  extracting  from  yeast  a  substance  which  will  excite  the 
alcoholic  fermentation.  All  the  organised  ferments  grow  and  multiply  during 
their  activity  at  the  expense  of  the  substances  in  which  they  occur.  Thus  the 
alcoholic  fermentation  depends  upon  the  "  life  "  of  the  yeast.  They  are  said  to  be 
killed  by  oxygen  subjected  to  the  compression  of  many  atmospheres  (P.  Bert).  But 
it  is  important  to  note  that  Hoppe-Seyler  has  extracted  from  dead  yeast  (killed  by 
ether)  an  unorganised  ferment — invertin— which  can  change  cane-sugar  into  grape- 
sugar.] 

11.  Haämoglobin,  the  colouring-matter  of  bloody  which,  in  addition  to  C,  H,  0, 
JN^,  and  S,  contains  iron,  may  be  taken  with  the  albuminoids  or  with 
the  pigments  (§  11).    [HsBmocyanin  (§  32).] 

(3)  Grlucosides  containing  Nitrogen. 

In  addition  to  chondrin,  the  following  glucosides  containing  nitrogen,  when 
subjected  to  hydrolytic  processes,  may  combine  with  water,  and  form  sugar  and 
other  substances  : — 

Cerebrin  (§  322)=  G^j}iT^^^2^.2.5  (Grcoghegan).  [Parens  has  shown  that  cerebrin  as  originally 
prepared  by  W.  Müller  is  a  mixtnre  of  three  bodies,  viz.,  cerebrin,  homocerebrin,  and 
encephalin.  ] 

Protagon— C  66-29,  H  10-69,  N  2-39  P  1-068  per  cent,  [empirical  formula,  CieoHsog^^gPOgg] 
— occurs  in  nerves,  and  contains  phosphorus  (§  322). 

Chitin,  2(Cj5H2(i]Sr20jo),  is  a  glucoside  containing  nitrogen,  and  occurs  in  the  cutaneous 
coverings  of  arthropoda,  and  also  in  their  intestine  and  tracheee  ;  it  is  soluble  in  concentrated 
acids,  e.g.,  hydrochloric  or  nitric  acid,  but  insoluble  in  other  reagents.  According  to  Sandwick, 
chitiu  is  an  amin-derivative  of  a  carbohydrate  with  the  general  formula  n(C]2H2oOio)-  The 
hyalin  of  worms  is  closely  related  to  chitin.  (Solanin,  amygdalin  (§  202),  and  salicin,  &c.,  are 
glucosides  of  the  vegetable  kingdom.) 

(4)  Colouring  Matters  containing  Nitrogen. 

Their  constitution  is  unknoAvn,  and  they  occur  only  in  animals.  They  are  in 
all  probability  derivatives  of  hsemoglobin.  They  are — (1)  Haemoglobin  with 
its  derivatives  : — haematin  (§  18,  A),  myohaematin  (§  233,  §  292),  histo-haematin 
(§  103,  lY.),  and  haematoidin  (§  20).  (2)  Bile-pigments  (§  177,  3).  (3)  Urine- 
pigments  (except  Indican).  (4)  Melanin— C44.2,  Hg,  IST^.g,  O^g.ß— or  the  black 
pigment  which  occurs  partly  in  epithelium  (choroid,  retina,  iris,  and  in  the  deep 
layers  of  epidermis  in  coloured  races)  and  joartly  in  connective-tissue  corpuscles 
(Lamina  fusca  of  the  choroid).  [It  is  probable  that  there  are  several  melanins.] 
[Turacin  occurs  in  the  red  feathers  of  Corythaix  Buffoni,  Cape  lory,  or  Plantain- 
Eater.  Its  ash  contains  nearly  6  per  cent,  of  copper  {Church).  The  reddish 
spots  or  parts  of  feathers  burn  with  a  green  flame.] 

(5)  Colouring  Matters  containing  no  Nitrogen. 

[The  lipochromes  are  fatty  pigments,  and  are  very  numerous.  They  are 
soluble  in  ether,  and  alcohol-like  fats,  they  give  certain  absorption  bands  in  the 
spectrum  and  yield  colour-reactions  with  iodine  or  sulphuric  acid,  or  with  both 
these  reagents  together  (§  384).  Amongst  them  are  lutein,  the  yellow  pigment  of 
the  corpus  luteum,  tetronerythrin,  the  red  pigment  in  the  shell  of  crustaceans 
(§  32),  the  chromophanes  of  the  retinal  cones  (§  384),  and  visual  purple 
(§  384).] 

II.  Organic  Acids  free  from  Nitrogen. 

(1)  The  fatty  acids,  with  the  formula  C„H2n-^0(0II),  occur  in  the  body  partly 
free  and  partly  in  combination.  Free  volatile  fatty  acids  occur  in  decomposing 
cutaneous  secretions  (sweat).  In  combination,  acetic  acid  and  caproic  acid  occur 
as  amido-compounds  in  glycin  (  =  amido-acetic  acid)  and  leucin  (  =  amido-caproic 


Sec.  250.] 


NEUTRAL  FATS. 


473 


acid).  More  especially  do  tliey  occur  united  with  glycerin  to  form  neutral  fats, 
from  which  the  fatty  acid  is  again  set  free  by  pancreatic  digestion  (§  170,  III.). 

(2)  The  acids  of  the  acrylic  acid  series,  with  the  formula  CnHgn-gOlHO),  are  represented  in 
the  body  by  oue  acid,  oleic  acid — C18H34O.2 — which  in  combination  with  glycerin  yields  the 
neutral  fat  olein. 

251.  Fats. — (1)  Neutral  fats  occur  very  abundantly  in  animals,  but  they  also 
occur  in  all  plants  ;  in  the  latter  more  especially  in  the  seeds  (nuts,  almonds,  cocoa- 
nut,  poppy),  more  rarely  in  the  pericarp  (olive)  or  in  the  root.  [The  chief 
neutral  fats  found  in  the  body  are  tripalmitin,  C^'R^iO.C^^JLgfi)^,  tristearin 
03115(0.  CjgH^^O)^  are  solid  fats  and  are  held  in  solution  at  the  temperature  of  the 
body  by  triolein;  C3H5(O.Ci8H330)3.  Tributyrin,  C3H^(O.C4H.O)3  is  found  in 
butter.]  They  are  obtained  by  pressure,  melting,  or  by  extracting  them  with 
ether  or  boiling  alcohol.  They  contaiji  much  less  0  than  the  carbohydrates, 
such  as  sugar  and  starch;  they  give  a  greasy  spot  on  paper,  and  when  shaken 
with  colloid  substances,  such  as  albumin,  they  yield  an  emulsion.  When  treated 
with  superheated  steam  or  with  certain  ferments  (p.  307,  III.),  they  take  up 
water  and  yield  glycerin  and  fatty  acids,  and  if  the  latter  be  volatile  they  have 
a  rancid  odour.  Treated  with  caustic  alkalies  they  also  take  up  water,  and  are 
decomposed  into  glycerin  and  fatty  acids  ;  the  fatty  acid  unites  with  the  alkali 
and  forms  a  soap,  while  glycerin  is  set  free.    The  soap-solution  dissolves  fats. 

[The  following  table  from  Halliburton  indicates  some  of  the  differences 
between  the  neutral  fats  of  the  body  : — 


Stearin. 

Palmitin. 

Olein. 

C3Hg(O.Cj8H350)3. 

Melting-point.— 5B°-6Q°  C. 

Solubilities.  — Nearly  insoluble  in 
cold     alcohol     and  ether. 
Soluble  in  both  when  hot. 

Remarks.  —  The   chief  consti- 
tuent of  the  more  solid  ^fats 
(like  mutton  suet). 

It  crystallises  from  alcohol  in 
brilliant  quadrangular  plates. 

C3H5(O.CieH3,0)3. 
45°  Ü. 

More  soluble  than  stearin 

in   both  hot   and  cold 

alcohol  and  ether. 
More    abundant    in  the 

adipose   tissue    of  man 

than  stearin. 
It     crystalHses     in  fine 

needles. 

C3H,(O.C,8H330)3. 

0"  c. 

Easily  soluble  in  both  hot 
and   cold    alcohol  and 
ether. 

Dissolves  all  the  solid  fats, 
especially    at  30°  C,  or 
above;  it  is  thus  this  fat 
which  holds   the  other 
two  in  solution   at  the 
temperature  of  the  body. 

Glycerin  is  a  tri-atomic  alcohol,  C3Hg(OH)3,  and  unites  with  (1)  the  following 
fatty  acids  (those  occurring  in  the  body  are  printed  in  italics) : — 


monobasic 


Acidf 

1.  Formic, 

2.  Acetic, 

3.  Propionic,  . 

4.  Butyric, 
[Isobutyric, 

5.  Valerianic, 

6.  Caproie, 


C4H8O, 
C4H8O0] 


Acids. 

7.  (Enanthylic, 

8.  Caprylic, 

9.  Pelargonie, 

10.  Ca2)ric,  . 

11.  Laurostearic, 

12.  Myristic, 

13.  Palmitic, 


C7H1.1O., 
C8II16O2 
C9H18O2 

C16II32O2 


Acids. 
[Margaric, 
is  a  mixture 
ofl3andl4.] 
Stearic,  . 
Arachinic. 
Hyänic,  . 
Cerotinic, 


CisHofiO.T. 


The  acids  form  a  homologous  series  with  the  formula  Cn  Hon  -  lO(OH).  With  every  CHo 
added  their  boiling-point  rises  19°.  Those  containing  most  carbon  are  solid,  and  non-volatile  ; 
those  containing  less  C  (up  to  and  including  10)  are  fluid  like  oil,  have  a  burning  acid  taste, 
and  a  rancid  odour.  The  earlier  members  of  the  series  may  be  obtained  by  oxidation  from  the 
later,  by  CHg  being  removed,  while  CO2  and  HgO  are  formed  ;  thus,  propionic  acid  is  obtained 
from  butyric  acid.  ISTos.  13  and  14  are  found  in  human  and  animal  fat,  less  abundant  and 
more  inconstant  are  12,  11,  6,  8,  10,  4.  Some  occur  in  sweat  (§  287)  and  in  milk  (§  231).  Many 
of  them  are  developed  during  the  decomposition  of  albumin  and  gelatin.  Most  of  the  above 
(except  15  to  17)  occur  in  the  contents  of  the  large  intestine  (§  185). 

(2)  Glycerin  also  unites  with  the  monobasic  oleic  acid,  which  also  forms  a  series,  whose 
general  formula  is  CnH2n-30(OH)  ;  and  they  all  contain  2H  less  than  the  corresponding 
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members  of  tlie  fatty  acid  series.  The  corresponding  fatty  acids  can  be  obtained  from  the  oleic 
acid  series  and  vice  versa.  Oleic  acid  (olein-elainic  acid),  C18H34O0,  is  the  only  one  found  in 
the  organism  ;  united  with  glycerin,  it  forms  the  fluid  fat,  olein.  The  fat  of  new-born  children 
contains  more  glyceride  of  palmitic  and  stearic  acid  than  that  of  adults,  which  contains  more 
glyceride  of  oleic  acid.  Oleic  acid  also  occurs  united  with  alkalies  (in  soaps)  and  (like  some 
fatty  acids)  in  the  lecithins  (§  23).  If  lecithin  be  acted  on  with  barium  hydrate,  we  obtain 
insoluble  stearic,  or  oleic,  or  palmitic  acids  and  barium  oleate,  together  with  dissolved  neurin 
(§  322,  h)  and  baric  glycero-phosphate.  Lecithin  is  regarded  as  glycero-phosphate  of  neurin,  m 
which  in  the  radical  of  glycero-phosphoric  acid  2  atoms  H  are  replaced  by  2  of  stearic, 
palmitic,  or  oleic  acids.  It  appears  as  if  there  were  several  lecithins,  of  which  the  most  abun- 
dant are  the  one  with  stearic  acid  and  that  with  palm itin  4- oleic  acid  ladical  {Diakonow). 
Lecithin  occurs  in  the  blood-corpuscles  (§  23),  semen,  and  nerves.  Neurin  is  constantly  present 
in  fungi. 

The  neutral  fats  [palmitin,  stearin  (both  solid),  and  olein  (fluid)],  the  glycerides  of  fatty  acids, 
and  of  oleic  acid,  are  triple  ethers  of  the  triatomic  alcohol  glycerin.  With  the  neutral  fats 
may  be  associated  glycero-phosphoric  acid,  an  acid  glycerin  ether,  formed  by  the  union  of 
glycerin  and  phosphoric  acid,  with  the  giving  off  of  a  molecule  of  water  (CgUgPOß)  ;  it  is  a  decom- 
position-product of  lecithin  (§  23). 

(3)  The  glycolic  acids  (acids  of  the  lactic  acid  series)  have  the  formula  CnH2n-20(OH)o. 
They  are  formed  by  oxidation  from  the  fatty  acid  series  by  substituting  OH  (hydroxyl)  for  one 
atom  of  H  of  the  fatty  acids.  Conversely,  fatty  acids  may  be  obtained  from  the  glycolic  acids. 
The  following  acids  of  this  series  occur  in  the  body  :  — 

{a)  Carbonic  Acid  (oxy-formic  acid),  CO(OH).^;  in  this  form,  however,  it  forms  salts  only. 
Free  carbonic  acid  or  carbon  dioxide  is  an  anhydride  of  the  same  =C02. 

{h)  Glycolic  Acid  (oxy-acetic  acid),  C2H20(OH)2  does  not  occur  free  in  the  body.  One  of  its 
compounds,  glycin  (glycocoU,  amido-acetic^acid,  or  gelatin-sugar),  occurs  as  a  conjugate  acid, 
viz.,  as  glycoeholic  acid  in  the  bile  (§  177,  2),  and  as  hippuric  acid  in  the  urine  (§  260).  Glycin 
exists  in  complex  combination  in  gelatin. 

(c)  Lactic  Acid  (oxy-propionic  acid)_,  C3H40(OH)2,  occurs  in  the  body  in  two  isomeric  forms 
— 1.  The  ethylidene'  lactic  acid,  which  occurs  in  two  modifications— as  the  right  rotatory 
sarcolactic  acid  (paralactic),  a  metabolic  product  of  muscle  ;  and  as  the  ordinary  optically  in- 
active product  of  "lactic  fermentation,"  which  occurs  in  gastric  juice,  in  sour  milk  (sauerkraut, 
acid  cucumber),  and  can  lie  obtained  by  fermentation  from  sugar  (§  184).  2.  The  isomer, 
ethylene-lactic  acid,  occurs  in  the  watery  extract  of  muscles  (§  293). 

{d)  Leucic  Acid  (oxy-caproic  acid),  CgHjaO.^,  does  not  occur  as  such,  but  only  in  the  form  of 
one  of  its  derivatives,  leucin  (amido-caproic  acid),  as  a  product  of  the  metabolism  in  many  tissues, 
and  is  formed  during  pancreatic  digestion  (§  170,  II.).  Leucic  acid  may  be  prepared  from 
leucin,  and  glycolic  acid  from  glycin,  by  the  action  of  nitrous  acid. 

(4)  Acids  of  the  Oxalic  Acid  or  Succinic  Acid  Series,  having  the  formula  CnH2n-402(OH)2, 
are  bi-basic  acids,  which  are  formed  as  completely  oxidised  products  by  the  oxidation  of  fatty 
acids  and  glycolic  acid,  water  being  removed.  It  is  important  to  note  their  origin  from  sub- 
stances rich  in  carbon,  e.g.,  fats,  carbohydrates,  and  proteids. 

{a)  Oxalic  Acid,  C202(OH)2,  arises  from  the  oxidation  of  glycol,  glycin,  cellulose,  sugar, 
starch,  glycerin,  and"  many  vegetable  acids — it  occurs  in  the  urine  as  calcium  oxalate 
(§  260). 

(6)  Succinic  Acid,  C4H402(OH)2,  has  been  found  in  small  amount  in  animal  solids  and  fluids, 
spleen,  liver,  thymus,  thyroid  ;  in  the  fluids  of  echinococcus,  hydrocephalus,  and  hydrocele,  and 
more  abundantly  in  dog's  urine  after  fatty  and  flesh  food  ;  in  rabbit's  urine  after  feeding  with 
yellow  turnips.    It  is  also  formed  in  small  amount  during  alcoholic  fermentation  (§  150). 

(5)  Cholalic  Acid  in  the  bile  (§  177)  and  in  the  intestine  (§  182). 

(6)  Aromatic  Acids  contain  the  radical  of  benzol.  [Benzene  or  benzol,  with  the  formula 
CgHe,  is  the  origin  of  the  aromatic  group,  so  called  because  many  of  the  derivatives  of  this 
body  have  aromatic  properties.  One  or  more  of  the  atoms  of  hydrogen  can  be  replaced  by 
more  or  less  complicated  radicals.]  Benzoic  Acid  ( =  plienyl-formic  acid)  occurs  in  urine  united 
with  glycin,  as  hippuric  acid  (§  260). 

III.  Alcohols. 

Alcohols  are  bodies  which  originate  from  carbohydrates,  in  which  the  radical 
hydroxyl  (HO)  is  substituted  for  one  or  more  atoms  of  H.    They  may  be  also 

regarded  as  water,  ^  |  0,  in  which  the  half  of  the  H  is  replaced  by  a  CH  com- 

C  H  ) 

pound.    Thus,  C^Hq  (ethyl-hydride)  passes  into    2  ^'  >  0  (ethyhc  alcohol). 
{a)  Cholesterin,  ^-''^■'•'*|o,  is  a  true  monatomic  alcohol,  and  occurs  in  blood,  yelk,  brain. 
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bile  (§  177,  4),  and  generally  in  vegetable  cells  ;  it  is  the  only  solid  monatomic  alcohol  in 
the  body. 

roH 

(h)  Glycerin,  CgHg  ]  OH,  is  a  tiiatoniic  alcohol.    It  occurs  in  neutral  fats  united  Avith 
tOH 

fatty  acids  and  oleic  acid ;  it  is  formed  by  the  splitting  up  of  neutral  fats  during  pancreatic 
digestion  (§  170,  IIL)j  and  during  the  alcoholic  fermentation  (§  150). 

(c)  Phenol  (^phenylic  acid,  carbolic  acid,  oxy-benzol)  (§  184,  III,). 

(d)  Pyrokatechin  (  =  dioxy benzol)  (§  252). 

(e)  The  Sugars  are  closely  related  to  the  alcohols,  and  they  may  be  regarded  as  polyatomic 
alcohols.  Their  constitution  is  unknown.  Together  with  a  series  of  closely-related  bodies 
they  form  the  great  gr-oup  of  the  carbohydrates,  some  of  which  occur  in  the  animal  body,  while 
others  are  widely  distributed  in  the  vegetable  kingdom. 

252.  THE  CARBOHYDRATES.— Occur  in  plants  and  animals,  and  receive 
their  name,  because  in  addition  to  C  (at  least  6  atoms),  they  contain  H  and  0,  in 
the  proportion  in  which  these  occur  in  water.  They  are  all  solid,  chemically 
indifferent,  and  without  odour.  They  have  either  a  sweet  taste  (sugars),  or  can 
be  readily  changed  into  sugars  by  the  action  of  dilute  acids ;  they  rotate  the 
ray  of  polarised  light  either  to  the  right  or  left ;  as  far  as  their  constitution  is 
concerned,  they  may  be  regarded  as  fatty  bodies,  or  as  hexatomic  alcohols,  in  which 
2H  are  wanting. 

Small  quantities  of  carbohydrates  occur  in  nearly  all  animal  tissues.  Under  certain  condi- 
tions of  nutrition,  there  is  reason  to  believe  that  complex  organic  constituents  of  our  tissues,  e.g., 
Proteids,  split  up  into  a  nitrogenous  body  from  which  urea  is  readily  formed,  and  a  non-nitro- 
genous carbon-containing  residue,  and  from  the  latter  fat  or  carbohydrates  may  be  formed 
(§  241).  Carbohydrates  are  formed  from  fats  in  the  germination  of  oleaginous  seeds,  oxygen 
being  absorbed  in  the  process. 

They  are  divided  into  the  following  groups  : — 

1.  Division. — Glucoses  (C6H,.206). — (1)  Grape-sugar  (glucose,  dextrose,  or  diabetic  sugar) 
occurs  in  minute  quantities  in  the  blood,  chyle,  muscle,  liver  (?),  urine,  and  in  large  amount  in 
the  urine  in  diabetes  mellitus  (§  175).  It  is  formed  by  the  action  of  diastatic  ferments  upon 
other  carbohydrates,  during  digestion.  In  the  vegetable  kingdom  it  is  extensively  distributed 
in  the  sweet  juices  of  many  fruits  and  flowers  (and  thus  it  gets  into  honey).  It  is  formed  from 
cane-sugar,  maltose,  dextrin,  glycogen,  and  starch,  by  boiling  with  dilute  acids.  It  crystallises 
in  warty  masses  with  one  molecule  of  water  of  crystallisation  ;  unites  with  bases,  salts,  acids, 
and  alcohols,  but  is  easily  decomposed  by  bases  ;  it  reduces  many  metallic  oxides  (§  149). 
Fresh  solutions  have  a  rotatory  power  of  -I-  106°.  By  fermentation  with  yeast  it  splits  up  into 
alcohol  and  COg  (§  150)  ;  with  decomposing  proteids  it  splits  into  2  molecules  of  lactic  acid 
(§  184,  I.) ;  the  lactic  acid  splits  up  under  the  same  conditions  in  alkaline  solutions,  into 
butyric  acid,  COg  and  H.  For  the  qualitative  and  quantitative  estimation  of  glucose,  see  §  149 
and  §  150.  In  alcoholic  solution,  it  forms  very  insoluble  compounds  with  chalk,  barium,  and 
potassium,  and  it  also  forms  a  crystalline  compound  with  common  salt  (Estimation,  §  150). 

(2)  Galactose,  obtained  by  boiling  milk-sugar  (lactose)  with  dilute  mineral  acids ;  it 
crystallises  readily,  is  very  fermentable,  and  gives  all  the  reactions  of  glucose.  When  oxidised 
with  nitric  acid  it  becomes  transformed  into  mucic  acid.  Its  specific  rotatory  power  = 
+  88-08°. 

(3)  Laevulose  (left-fruit-,  invert-,  or  mucin-sugar)  occurs  as  a  colourless  syrup  in  the  acid 
juices  of  some  fruits  and  in  honey.;  is  non-crystallisable,  and  insoluble  in  alcohol  ;  specific 
rotatory  power=  -  106°.  It  is  formed  normally  in  the  intestine  (§  183),  and  occurs  rarely  as  a 
pathological  product  in  urine. 

II.  Division. — This  contains  carbohydrates  with  the  formula  CjoHgoO^,  and  its  members 
may  be  regarded  as  anhydrides  of  the  first  division — 1.  Milk-sugar  or  lactose  occurs  only  in 
milk,  crystallises  in  cakes  (with  1  molecule  of  water)  from  the  syrupy  concentrated  whey  ;  it 
rotates  polarised  light  to  the  right  =  -f59*3,  and  is  much  less  soluble  in  water  and  alcohol  than 
grape-sugar.  When  boiled  with  dilute  mineral  acids  it  passes  into  galactose,  and  can  be 
directly  transformed  into  lactic  acid  only  by  fermentation  ;  the  galactose,  however,  is  capable  of 
undergoing  the  alcoholic  fermentation  with  yeast  (Koumiss  preparation,  §  231).  For  its 
•quantitative  estimation  (§  231 ).    Rare  in  urine  (§  267). 

2.  Maltose  (CJ0H22O1]) -H  H^O  {0' SuUivan)  has  1  molecule  of  water  less  than  grape-sugar 
(CJ2H24O12),  is  formed  during  the  action  of  a  diastatic  ferment,  such  as  saliva  upon  starch 
(§148)  ;  is  soluble  in  alcohol,  right-rotatory  power  =  -1-150°;  it  is  crystalline,  wliile  its  re- 
ducing power  is  only  two-thirds  that  of  dextrose.  [The  ratio  of  the  reducing  power  of  maltose 
to  that  of  glucose  is  100  to  66.] 

(3.  Saccharose  (cane-sugar)  occurs  in  sugar-cane  and  some  plants  ;  it  does  not  reduce  a 
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solution  of  copper,  is  insoluble  in  alcoliol,  is  riglit-rotatovy  and  not  capable  of  fermentation. 
When  boiled  with  dilute  acids,  it  becomes  changed  into  a  mixture  of  easily  fermentable  glucose 
(right-rotatory)  and  laevulose  (invert  sugar,  §  183,  5,  and  §  184,  I.,  7),  which  ferments  with 
difficulty  and  is  left-rotatory  (§  183).  When  oxidised  with  nitric  acid,  it  passes  into  glucic  acid 
and  oxalic  acid.) 

III.  Division.— This  contains  carbohydrates,  with  the  formula  (CgHjoOg)!!,  which  may  be 
regarded  as  anhydrides  of  the  second  division. 

1.  Glycogen,  with  a  dextro-rotatory  power  of  211°,  does  not  reduce  cupric  oxide.  It  occurs 
in  the  liver  (§  174),  muscles,  many  embryonic  tissues,  the  embryonic  area  of  the  chick  {Külz) 
in  normal  and  pathological  epithelium  ;  in  diabetic  persons  it  is  widely  distributed  ;  brain, 
pancreas,  and  cartilage  ;  and  in  the  spleen,  pancreas,  kidney,  ovum,  brain,  and  blood,  together 
with  a  small  amount  of  glucose  {Pavif).  It  also  occurs  in  the  oyster  and  some  of  the  molluscs 
{Bizio),  and  indeed  in  all  tissues  and  classes  of  the  animal  kingdom. 

2.  Dextrin  was  discovered  by  Limpricht  in  the  muscles  of  the  horse.  It  is  right-rotatory  = 
+ 138°,  soluble  in  water,  and  forms  a  very  sticky  solution,  from  Avhich  it  is  precipitated  by 
alcohol  or  acetic  acid  ;  it  is  tinged  red  brown  with  iodine.  It  is  formed  in  roasted  starch, 
(hence  it  occurs  in  large  quantity  in  the  crust  of  bread— see  Bread,  §  234),  from  starch  by  dilute 
acids,  and  in  the  body  by  the  action  of  ferments  (§  148).  It  is  formed  from  cellulose  by  the 
action  of  dilute  sulphuric  acid.    It  occurs  in  beer,  and  is  found  in  the  juices  of  most  plants. 

(3.  Amylrnn  or  Starch  occurs  in  the  "meally"  parts  of  many  plants,  is  formed  within 
vegetable  cells,  and  consists  of  concentric  layers  with  an  eccentric  nucleus  (fig.  186).  The 
diameter  and  characters  of  starch-grains  vary  greatly  with  the  plant  from  which  they  are 
derived.  At  72°  C.  it  swells  up  in  water  and  forms  a  mucilage  ;  in  the  cold,  iodine  colours  it 
blue.  Starch-grains  always  contain  more  or  less  cellulose  and  a  substance,  erythrogranulose, 
which  is  coloured  red  with  iodine  (§  148).  It  and  glycogen  are  transformed  into  dextrose  by 
certain  digestive  ferments  in  the  saliva,  pancreatic,  and  intestinal  juices,  and  artificially  by 
boiling  Avith  dilute  sulphuric  acid.) 

(4.  Gum,  C10H20O10  occurs  in  vegetable  juices  (especially  in  acacise  and  mimos»),  also  in  the 
.salivary  glands,  inucous  tissue,  lungs,  and  urine  ;  is  partly  soluble  in  water  (arabin),  partly 
swells  up  like  mucin  (bassorin).  Alcohol  precipitates  it.  It  is  fermentable,  and  when  boiled 
with  dilute  acid  yields  a  reducing  sugar.) 

(.5.  Irnilin,  a  crystalline  powder  occurring  in  the  root  of  chicory,  dandelion,  and  specially  in 
the  bulbs  of  the  dahlia  ;  it  is  not  coloured  blue  by  iodine.) 

(6.  Lichenin  occurs  in  the  intercellular  substance  of  Iceland  moss  (Cetraria  islandica)  and 
algse  ;  is  transformed  into  glucose  by  dilute  sulphuric  acid.) 

(7.  Paramylum  occurs  in  the  form  of  granules  resembling  starch,  in  the  infusorian,  Euglena 
viridis. ) 

(8.  Cellulose  occurs  in  the  cell-walls  of  all  plants  (in  the  exo-skeleton  of  arthropoda,  and 
the  skin  cf  snakes)  ;  soluble  only  in  ammonio-cupric  oxide  ;  rendered  blue  by  sulphuric  acid 
and  iodine.  Boiled  with  dilute  sulphuric  acid,  it  yields  dextrin  and  glucose.  Concentrated 
nitric  acid  mixed  with  sulphuric  acid  changes  it  (cotton)  into  nitro-cellulose^  (gun-cotton) 
C6H7(N09)305,  which  dissolves  in  a  mixture  of  ether  and  alcohol  and  forms  collodion. 

(9.  Tunicin  is  a  substance  resembling  cellulose,  and  occurs  in  the  integument  of  the  Tunicata 
or  Ascidians. ) 

IV.  Division. — This  contains  the  carbohydrates  which  do  not  ferment. 

1.  Inosit— CgHjoOg— (phaseo-mannit,  muscle-sugar)  occurs  in  muscle  {Scherer),  lung,  liver, 
spleen,  kidney,  bra"in  of  ox,  human  kidney  ;  pathologically  in  urine  and  the  fluid  of  echinococcus. 
In  the  vegetable  kingdom,  in  beans  (leguminosa;),  and  the  juice  of  the  grape.  It  is  an  isomer  of 
grape-sugar  ;  optically  it  is  inactive,  crystallises  in  warts  with  2  molecules  of  water,  in^long 
monoclinic  crystals  ;  it  has  a  sweet  taste,  is  insoluble  in  water,  does  not  give  Trommer's  re- 
action, is  capable  of  undergoing  only  the  sarcolactic  acid  fermentation.  (Nearly  allied  are 
Sorbin,  from  sorbic  acid— Scyllit,  from  the  intestines  of  the  hag-fish  and  skate— and  Eucalin, 
arising  from  the  fermentation  of  melitose.)  [Some  authors  however  include  these  with  the 
glucoses.] 

[Glycuronic  acid,  CgHjoO^,  seems  to  be  related  to  the  carbohydrates.  It  occurs  in  the  urine 
as  a  potassium  salt  (CgHgO^K),  and  is  found  in  large  quantity  in  the  urine  after  the  adminis- 
tration of  chloral,  chloroform,  butylchloral,  &c.  It  reduces  alkaline  solutions  of  copper,  e.g., 
Fehling's  solution,  and  is  apt,  therefore,  to  be  mistaken  for  dextrose  (§  262).  It,  however, 
does  not  undergo  the  alcoholic  fermentation  as  dextrose  does.] 

IV.  Derivatives  of  Ammonia  and  their  Compounds. 
The  ammonia  derivatives  are  obtained  from  the  proteids,  and  are  decomposition-products  of 
their  metabolism. 

(1)  Amines,  i.e.  compound  ammonias  which  can  be  obtained  from  ammonia  (NH)3  or  from 
ammonium-hydroxide  (NH4  -  OH),  by  replacing  one  or  all  the  atoms  of  H  by  groups  of  carbo- 
hydrates (alcohol  radicals).  The  amine  derived  from  one  molecule  of  ammonia  is  called  mona- 
mine.    We  are  only  acquainted  with 
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Methylamine 


and  Tri -Methylamine 


as  decomposition-products  of  clioliii  (neurin)  and  of  kreatin,  Neurin  occurs  in  lecithin  in  a 
very  complex  combination  (see  Lecithin,  p.  474,  and  also  §  23). 

(2)  Amides,  i.e.  derivatives  of  acids  which  have  exchanged  the  hydroxyl  (HO)  of  the  acids 
for  NHg  (Amidogen).  Urea,  CO(NH2)2,  the  biamid  of  CO.^,  is  the  chief  end-product  of  the  meta- 
bolism of  the  nitrogenous  constituents  of  our  bodies  (see  Urine,  §  256).  Carbon  dioxide  contain- 
ing water  =  CO(OH)o,  where  both  OH  are  replaced  by  NHa— thus  we  get  CO(NH2)2,  urea. 

(3)  Amido-acids,  "i.e.,  nitrogenous  compounds,  which  show  partly  the  character  of  an  acid 
and  partly  that  of  a  weak  base,  in  which  the  atoms  of  H  of  the  acid-radical  are  replaced  by 
NHo,  or  by  the  substituted  ammonia  groups. 

{a)  Glycin  (or  amido-acetic  acid,  glycocoll,  gelatin-sugar,  §  177,  2)  is  formed  by  boiling 
gelatin  with  dilute  sulphuric  acid.  It  has  a  sweet  taste  (gelatin -sugar),  behaves  as  a  weak  acid, 
but  also  unites  with  acids  as  an  amine-base.  It  occurs  as  gly ein  4- benzoic  acid  =  hippuric  acid, 
in  urine  (§  260  and  also  as  glycin -h  cholalic  acid  =  glycocholic  acid  in  bile  (§  177).  {h)  Leucin 
— (§  I70)  =  amido-caproic  acid,  (c)  Serin — (=  ?  amido-lactic  acid)  obtained  from  silk-gelatin. 
{d)  Aspartic  acid— (amido-succinic  acid)  ;  and  (e)  Glutamic  acid,  obtained  by  the  splitting  up 
of  Proteids  (§  170).  Other  amido-acids  are— (/)  Cystin  =  amido-lactic  acid,  in  which  0  is 
replaced  by  S  (§  268).  {g)  Taurin— (§  177),  amido-ethyl-sulphuric  acid  occurs  (except  in  certain 
glands)  chiefly  in  combination  with  cholalic  acid,  as  taurocholic  acid  in  bile.  Tyrosin  (para- 
hydro-oxyphenyl-amido-propionic  acid),  an  amido-acid  of  unknown  constitution,  occurs  along 
with  leucin  during  pancreatic  digestion  (§  170),  is  a  decomposition-product  of  proteids,  and 
occurs  plentifully  in  the  urine  in  acute  yellow  atrophy  of  the  liver  (§  269). 

To  the  amidol-acids  are  related— (a)  Kreatin  in  muscle,  brain,  blood,  urine,  regarded  as 
methyl-uramido-acetic  acid  (C4H9N3O2).  It  has  been  prepared  artificially.  When  boiled  with 
baryta-water,  it  takes  up  H.p,  and  splits  into  urea— and  {b)  Sarkosin  (C3H7NO2),  methyl- 
amido-acetic  acid.  When  boiled  with  water,  or  heated  with  strong  acids,  in  the  presence  of 
putrefying  substances,  kreatin  gives  off  water,  and  is  changed  into  kreatinin  (C4H7N3O).  This 
strong  base  can  be  rechanged  by  alkalies  into  kreatin. 

(4)  Ammonia  Derivatives  of  Unknown  Constitution. —Uric  acid  (§  258)  ;  allantoin  (§  260), 
is  formed  by  the  oxidation  of  uric  acid  by  means  of  potassium  permanganate  ;  cyanuric  acid 
in  dog's  urine  ;  inosinic  acid  in  muscle  ;  guanin  in  traces  in  the  liver  and  pancreas,  in  guano,  the 
excrements  of  spiders,  in  the  skin  of  amphibia  and  reptiles,  in  the  silver  sheen  of  many  fishes 
{A.  Eioald  and  Krukenherg)  ;  by  oxidation  it  yields  urea  (p.  439)  ;  hypoxanthin  or  sarkin 
occuis  along  with  xanthin  in  many  organs  and  in  urine.  Rossel  prepared  hypoxanthin  from 
nuclein  by  prolonged  boiling  of  the  latter.  It  may  be  obtained  from  fibrin  by  putrefaction,  by 
gastric  and  pancreatic  digestion,  and  by  dilute  acids  {Salomon,  H.  Krause,  Chittenden)  ;  xanthin 
is  prepared  by  oxidation  from  hypoxanthin.  It  occurs  very  rarely  in  the  form  of  a  urinary  cal- 
culus. Paraxanthin  in  urine,  and  a  similar  body  carnin  in  flesh  (§  233).  [Adenin  (CgHgNg), 
discovered  by  Rossel  in  the  pancreas,  yeast,  and  tea-leaves,  has  also  been  isolated  from  the 
spleen,  lymphatic  glands,  and  kidney  ;  it  appears  to  be  present  in  all  highly  cellular  animal 
and  vegetable  tissues.  Like  the  allied  bases,  xanthin  and  guanin,  it  is  a  derivative  of  the 
nuclein  of  the  nuclei.] 


1.  Monatomic  phenols — {a)  Phenol  (hydroxyl  of  benzol)  in  the  intestine  (§  180).  Phenyl- 
sulphuric  acid  in  urine  (§  262).  (6)  Kresol,  in  the  form  of  orthokresol  and  parakresol,  united 
with  sulphuric  acid,  occur  in  urine  (§  262).  2.  Diatomic  phenols— (a)  pyrokatechin  united 
with  sulphuric  acid  in  urine  (§  262).  3.  Aromatic  oxyacids— (cs)  Hydroparacumaric  acid  ;  (&) 
Paraoxyphenylacetic  acid  in  urine  (§  262).  4.  Indol  and  skatol  in  the  intestine  (§  184),  con- 
joined with  sulphuric  acid  in  urine  (§  262).  Skatol  has  been  formed  artificially  by  distilling 
strychnia  with  lime  (Stoehr). 

253.  HISTORICAL.  — According  to  Aristotle,  the  organism  requires  food  for  three  purposes 
— for  growth,  for  the  production  of  heat,  and  to  compensate  for  the  loss  of  the  bodily  excreta. 
The  formation  of  heat  takes  place  in  the  heart  by  a  process  of  concoction,  the  heat  so  formed 
being  distributed  to  all  parts  of  the  body  by  means  of  the  blood,  while  the  respiration  is  re- 
garded as  an  act  whereby  the  body  is  cooled.  Galen  accepted  this  view  in  a  somewhat  modified 
form  ;  according  to  him,  the  metabolic  processes  may  be  compared  to  the  processes  going  on  in 
a  lamp  ;  the  blood  represents  the  oil ;  the  heart,  the  wick  ;  the  lungs,  the  fanning  apparatus. 
According  to  the  view  of  the  iatrochemical  school  {va7i  Hehnont),  the  metabolic  processes  of  the 
body  are  fermentations,  whereby  the  food  is  mixed  with  the  juices  of  the  body.  Since  the 
middle  of  the  seventeenth  century  {Boyle),  the  knowledge  of  the  metabolic  processes  has  followed 
the  development  of  chemistry.  A.  v.  Haller  regarded  heat  as  due  to  chemical  processes — the 
food  continually  supplying  the  waste  which  is  excreted  from  the  body.  After  the  discovery  of 
oxygen  (1774,  by  Priestley  and  Scheele),  Lavoisier  formulated  the  theory  of  combustion  in  the 
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lungs,  whereby  carbonic  acid  and  water  were  formed.  Mitscberlich  compared  the  decomposi- 
tion-processes in  the  living  body  with  putrefactive  processes.  Magendie  was  the  first  to  emphasise 
the  difference  between  nitrogenous  and  non-nitrogenous  foods,  and  he  showed  that  the  latter 
alone  were  not  able  to  support  life.  Even  gelatin  alone  is  not  sufficient  for  this  purpose.  The 
greatest  advance  in  the  theory  of  nutrition  was  made  by  J.  v.  Liebig,  who  laid  the  foundation 
of  our  present  knowledge  of  this  subject.  According  to  Liebig,  foods  may  be  divided  into  two 
classes,  viz. ,  the  "plastic,"  suitable  for  the  construction  of  the  organism,  and  the  "  respiratory  " 
for  the  maintenance  of  the  temperature  ;  to  the  former  class  he  referred  the  albuminates  or 
Proteids  ;  to  the  latter,  the  non-nitrogenous  carbohydrates  and  fats  (p.  440).  Amongst  recent 
observers,  the  Munich  School,  as  represented  by  v.  Bischoff,  v.  Pettenkofer,  and  v.  Voit,  has 
done  most  to  give  us  an  exact  knowledge  of  this  department  of  physiology. 


The  Secretion  of  Urine. 


[Elimination  of  Waste  Products. — We  have  seen  that  the  tissues  are 
nourished  by  the  lymph,  which  contains  the  chemical  compounds — proteids, 
carbohydrates,  fats,  salts,  and  gases — necessary  for  nourishing  the  tissues.  As  a 
result  of  the  activity  of  the  tissues,  certaui  waste-products  are  formed  which  are 
removed  from  the  tissues  either  by  passing  directly  into  the  lymph-stream,  by 
which  they  ultimately  enter  the  blood, — or  certain  of  these  waste-products  pass 
into  the  venous  blood.  In  any  case,  the  blood  contains  these  waste-products  and 
they  must  be  got  rid  of,  for  if  they  accumulate  to  any  great  extent  in  the  blood 
they  injure  the  tissues.  These  matters  are  eliminated  from  the  blood  by  various 
organs — called  excretory  organs — while  the  substances  so  excreted  are  called 
excretions.] 

[A  complete  acquaintance  with  all  the  facts  of  the  case  would  enable  us  to 
trace  step  by  step  the  various  changes  which  the  neutral  substances  undergo 
before  they  become  effete  products,  but  our  acquaintance  with  what  goes  on  in  the 
economy  does  not  enable  us  to  do  so  completely.  Speaking  broadly,  however,  the 
chief  waste-products  are  urea,  and  certain  closely  allied  nitrogenous  bodies,  carbon 
dioxide,  salts,  and  water.  These  substances  leave  the  body  by  one  or  other  of 
three  main  channels.  Much  of  the  water,  lu-ea,  and  allied  bodies,  and  the  greater 
portion  of  the  salts,  are  eliminated  in  the  urine  by  the  kidneys.  These  organs  are 
of  special  importance,  as  nearly  all  the  waste  bodies  containing  nitrogen  are 
eliminated  in  the  urine.  Through  the  skin — in  the  sweat— is  eliminated  a  large  but 
variable  quantity  of  water,  a  very  small  amount  of  salts,  and  a  little  carbon 
dioxide.  The  lungs  serve  as  the  chief  channel  for  the  elimination  of  carbon 
dioxide  and  a  considerable  quantity  of  water  in  the  form  of  aqueous  vapour. 

[Besides  these  main  channels  the  liver  excretes  substances  in  the  bile,  some  of 
which  are  nltimately  discharged,  perhaps  in  a  somewhat  altered  form,  in  the 
faeces.  As  we  have  seen,  some  of  the  undigested  food  is  excreted  by  the  bowel 
and  along  with  it  certain  residues  derived  from  the  secretions  poured  into  the 
intestinal  canal,] 

254.  STRUCTURE  OF  THE  KIDNEY.— [Capsule.— The  kidney  is  a  com- 
pound tubular  gland,  and  is  invested  by  a  thin,  tough,  fibrous  capsule,  easily 
stripped  off  from  the  substance  of  the  organ,  to  which  it  is  attached  by  fine  pro- 
cesses of  connective-tissue  and  blood-vessels.] 

[Naked  Eye  Appearances. — On  dividing  the  kidney  longitudinally  from  the 
hilum  to  its  outer  border,  and  examining  the  cut  surface  with  the  naked  eye,  we 
observe  the  parenchyma  of  the  kidney,  consisting  of  an  outer  cortical  and  an 
inner  medullary,  or  pyramidal  portion,  the  latter  composed  of  about  twelve  conical 
papillae,  or  pyramids  of  Malpighi,  with  their  apices  directed  towards  and  embraced 
by  the  calices  of  the  pelvis  of  the  kidney  (fig.  296).    The  medullary  portion  is 
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further  subdivided  into  tlie  boundary  layer  of  Ludwig  and  the  papillary  portion. 

According  to  Klein,  the  relative  proportions  of  these  three  parts  are — cortex,  3  "5  ; 
boundary  layer,  2-5,  and  papillary  portion,  4.  The  cortex  has  a  light  brown 
colour,  and  when  torn  presents  a  slightly  granular  aspect,  with  radiating  lines 
running  at  regular  distances.  The  granules  are  due  to  the  presence  of  the  Mal- 
pighian  corpuscles,  and  the  striae  to  the  medullary  rays.    The  boundary  zone  is 


Fig.  296. 

Longitvidinal  section  through  the  kidney  {Tyson,  after  Henle). 


darker,  and  often  purplish  in  colour.  It  is  striated  with  clear  and  red  lines 
alternating  with  opaque  ones,  the  former  being  blood-vessels  and  the  latter 
uriniferous  tubules.  The  papillary  zone  is  nearly  white  and  uniformly  striated, 
the  striae  converging  to  the  apex  of  the  pyramid.  The  medulla  is  much  denser 
and  less  friable  than  the  cortex,  owing  to  the  presence  of  a  large  amount  of  con- 
nective-tissue between  the  tubules.  The  bundles  of  straight  tubes  of  the  medulla 
may  be  traced  at  regular  intervals  running  outwards  into  the  cortex,  constituting 
medullary  rays,  which  become  smaller  as  they  pass  outwards  in  the  cortical  zone, 
so  that  they  are  conical  and  form  the  pyramids  of  Ferrein  (fig.  298,  PF).  _  The 
portion  of  the  cortex  lying  between  the  medullary  rays  is  known  as  the  labyrinth, 
from  the  complicated  arrangement  of  its  tubules.] 

[Size,  Weight  of  Kidney.— The  adult  kidney  is  about  11  centimetres  (4-4  inches)  in  length, 
5  centimetres  (2  inches)  wide,  and  3  centimetres  (1  inch)  in  thickness.  It  weighs  in  the  male 
113-5  to  170  grms.  (4  to  6  oz.),  in  the  female  113-5  to  156  grms.  (4  to  5i  oz).  The  width  of 
the  cortex  is  usually  5  to  6  millimetres  (i  to  |  inch).] 
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I.  The  uriniferous  tubules  all  arise  within  the  labyrinth  of  the  cortex  by  means 
of  a  globular  enlargement,  200  to  300  [^i^-  to  inch]  in  diameter,  called 
Bowman's  capsule  (figs.  298,  299).  After  pursuing  a" complicated  course,  altering 
their  direction,  diameter,  and  structure,  and  being  joined  l3y  other  tubules,  they 
ultimately  form  large  collecting  tubes,  which  terminate  by  minute  apertures,  visible 
with  the  aid  of  a  hand-lens,  on  the  apices  of  the  papillte  projecting  into  the  calices 
of  the  kidney.    Each  urinary  tubule 

y 


is  composed  of  a  homogeneous  mem- 
brana  propria,  lined  by  a  single  layer 
of  epithelial  cells,  so  as  to  leave  a 
lumen  for  the  passage  of  the  urine 
from  the  Malpighian  corpuscles  to  the 
pelvis  of  the  kidney.  The  diameter 
and  direction  of  the  tubules  vary,  and 
the  epithelium  ditiers  in  its  characters 
at  different  parts  of  the  tube,  while 
the  lumen  also  undergoes  alterations 
in  its  diameter. 

Course  and  Structure  of  the  Tub- 
ules.— In  the  labyrinth  of  the  cortex, 
tubules  arise  in  the  spherical  enlarge- 
ment known  as  Bowman's  capsule 
(fig.  298,  1),  which  invests  (in  the 
manner  presently  to  be  described)  the 
tuft  of  capillary  blood-vessels  called  a 
glomerulus  or  Malpighian  corpuscle. 
By  means  of  a  short  and  narrow  neck 
(2)  the  capsule  becomes  continuous 
with  a  convoluted  tubule,  X  in  fig. 
299.  This  tubule  is  .  of  considerable 
length,  forming  many  windings  in  the 
cortex  (tig.  298,  3) ;  the  first  part  of 
it  is  45  fx  wide,  constituting  the  prox- 
imal or  first  convoluted  tubule.  It  be- 
comes continuous  with  a  spiral  tubule 
of  Schachowa  (4),  which  lies  in  a 
medullary  ray  where  it  pursues  a 
slightly  wavy  or  spiral  course.  On 
the  boundary  line  between  the  cortical 
and  boundary  zone,  the  spiral  tubule  suddenly  becomes  smaller  and  passes  into 
the  descending  portion  of  Henle's  loop  (5),  which  is  14  /x  in  breadth,  and  is 
continued  downwards  through  the  boundary  zone  into  the  medulla,  where  it  forms 
the  narrow  loop  of  Henle  (6)  which  runs  backwards  in  the  medullary  part  to 
the  boundary  zone.  Here  it  becomes  wider  (20-26  /x),  and  as  it  continues  its 
undulating  course,  it  enters  a  medullary  ray,  where  it  constitutes  the  ascending 
looped  tube  (7),  which  becomes  narrower  in  the  cortex.  Leaving  the  medullary 
ray  again,  it  passes  into  the  labyrinth,  where  it  forms  a  tube  with  irregular 
angular  outlines— the  irregular  tubule  (10),  which  is  continuous  with  (fig.  299, 
u,  n)  the  second  or  distal  convoluted  tubule  (11),  which  resembles  the  proximal 
tubule  of  the  same  name.  Its  diameter  is  40  fx.  A  short,  narrow,  wavy  junc- 
tional or  curved  collecting  tubule  (12)  connects  the  latter  with  one  of  the  straight 
collecting  tubes  (13)  of  a  medullary  ray.  As  the  collecting  tubule  proceeds 
through  the  boundary  zone,  it  receives  numerous  junctional  tubes,  and  when  it 
reaches  the  boundary  zone,  it  forms  one  of  the  collecting  tubes  (fig.  299,  0), 
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Papillary 
zone. 


Fig.  297. 

Longitudinal  section  of  a  Malpighian  pyramid. 
PF,  pyramids  of  Ferrein  ;  RA,  branch  of  renal 
artery  ;  RV,  lumen  of  a  renal  vein  receiving  an 
interlobular  vein  ;  VR,  vasa  recta  ;  PA,  apex 
of  a  l  enal  papilla  ;  h,  b,  embrace  the  bases  of  the 
renal  lobules. 
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which  unite  with  one  another  at  acute  angles  to  form  the  larger  straight  excretory- 
tubes  or  ducts  of  BeUini  (15),  which  open  on  the  summit  of  the  Malpighian 
pyramids  into  a  calyx  of  the  pelvis  of  the  kidney.  In  the  cortex  the  collecting 
tubules  are  45  /a  in  diameter,  but  where  they  have  formed  an  excretory  tube  (0), 


7  &  8.  Ascending  limb  of 
Henle's  loop-tube. 


Sub-capsular  layer  without  Mal- 
pighian corpuscles. 


12.  First  part  of  collecting  tube. 

11.  Distal  convoluted  tubule. 

>A.  CORTEX. 

10.  Irregular  tubule. 

3.  Proximal  convoluted  tubule. 
9.  Wavj^  part  of  ascending  limb. 
2.  Constriction  or  neck. 

4.  Spiral  tubule. 

1.  Malpighian  tuft  surrounded 
by  Bowman's  capsule. 


8.  Spiral  part  of  ascending  limb 
of  Henle' s  loop. 


B.  BOUNDARY  ZONE. 

5.  Descending  limb  of  Henle' i 
loop-tube. 


3.  Henle's  loop. 


C.  PAPILLARY  ZONE. 

Fig.  298. 

Diagram  of  tlie  course  of  two  uriniferous  tubules  {Klein  and  Noble-Smith). 

their  diameter  is  200  to  300  /x  ;  24  to  80  of  these  tubes  open  on  the  apex  of  each 
of  the  12  to  15  Malpighian  pyramids.  In  the  lowest  and  broadest  part,  the 
membrana  propria  is  strengthened  by  the  presence  of  a  thick  supporting  framework 
of  connective-tissue. 

Structure  of  the  Tubules.— [Below  the  neck,  the  tubules  are  lined  everywhere 
by  a  single  layer  of  nucleated  epithelium.]  Bo'wman's  capsule,  which  is  about 
2^  inch  in  diameter  (fig.  300,  II),  consists  of  a  homogeneous  basement  membrane 
lined  internally  by  a  single  continuous  layer  of  flattened  cells  (fc).  According  to 
Roth,  the  basement  membrane  itself  is  composed  of  endothelial  cells.  [In  the 
foetus  the   lining  cells  are  more   polyhedral.]    Within   the  capsule  lies  the 
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glomerulus  or  tuft  of  blood-vessels.  The  cells  Iming  the  cajDSule  are  reflected 
over  and  between  the  lobules  of  which  the  glomerulus  consists.  The  glomerulus 
may  not  completely  fill  the 
capsule,  so  that,  according  to 
the  activity  of  the  kidney, 
there  may  be  a  larger  or 
smaller  space  between  the 
glomerulus  and  the  capsule 
into  which  the  filtered  urine 
passes.  The  neck  is  lined 
by  cubical  cells.  These 
cells,  in  some  animals,  e.g., 
the  rabbit,  sheep,  mouse, 
and  frog,  are  ciliated. 

[The  proximal  convol- 
uted tubule  is  lined  by 
characteristic  ejDithelium. 
The  cells,  which  are  short 
or  polyhedral,  contain  a 
turbid  or  cloudy  proto- 
plasm (fig.  300,  III,  1  and 
2),  which  not  unfrequently 
contains  oil-globules,  and 
they  form  a  single  layer. 
Each  cell  consists  of  two 
parts ;  the  inner,  contain- 
ing the  spherical  nucleus, 
is  next  the  lumen,  and 
granular  (III,  2,  g),  while 
the  outer  part,  next  the 
membrana  propria,  appears 
fibrillated,  or  "rodded," 
from  the  presence  of  rods 
or  fibrils  placed  vertically 
to  the  basement-membrane 
(fig.  301).  These  appear 
like  the  hairs  of  a  brush 
pressed  upon  a  plate  of 
glass  (III,  2).  The  cells 
are  not  easily  separated 
from  each  other,  as  neigh- 
bouring cells  interlock  by 
means  of  the  branched 
ridges  on  their  surfaces 
(III,  1)  —  {HpAdevliain, 
Scliachowa).  The  lumen 
is  well  defined,  but  its  size 
seems  to  depend  upon  the 
state  of  imbibition  of  the 
cells  bounding  it. 

The  spiral  tubule  has 


Fig.  299. 

Blood-vessels  and  uriniferons  tubules  of  the  kidney  (semi- 
diagramraatic)  ;  A,  capillaiies  of  the  cortex,  B,  of  the  me- 
dulla ;  a,  interlobular  artery  ;  1,  vas  afferens  ;  2,  vasefferens; 
r,  vasa  recta  ;  c,  venae  rectse  ;  v,  v,  interlobular  vein  ;  S, 
origin  of  a  vena  stellata  ;  i,  i,  Bowman's  capsule  and  glo- 
mernlus;  X,  X,  convoluted  tuttules;  t,  t,  Henle's  loop  ;  n,  n, 
junctional  piece  ;  0,  0,  collecting  tubes  ;  0,  excretory  tube. 


similar  epithelium  and  a  corresponding  lumen,  although  the  epithelium  becomes 
lower  and  somewhat  altered  in  its  characters  at  the  lower  part  of  the  tube. 

The  descending  limb  of  Henle's  loop,  and  the  loop  itself  with  a  relatively  wide 
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lumen,  are  bounded  by  clear,  flattened,  epithelial  cells,  with  a  bulging  nucleus 
(lY,  S)  ;  the  cells  lying  on  one  side  of  the  tube  being  so  placed  that  the  bulging 
part  of  the  bodies  of  the  cells  is  opposite  the  thin  part  of  the  cells  on  the  opposite 
side  of  the  tube.  [These  tubes  might  be  mistaken  for  blood-capillaries,  but  in  ad- 
dition to  their  squamous  lining,  they  have  a  basement-membrane,  which  capillaries 

have  not.]    In  the  ascend- 
\^r'  ing  limb,  the  lumen  is 

relatively  wide,  while  its 
epithelium  agrees  gener- 
ally with  that  in  the  con- 
voluted tubule,  excepting 
that  the  "rods"  are 
shorter.  Sometimes  the 
cells  are  arranged  in  an 
"  imbricate  "  manner. 

In  the  irregular  tubule, 
which  has  a  very  small 
lumen,  the  polyhedral  cells 
lining  it  contain  oval  nuclei, 
and  are  shorter  than  those 
of  the  convoluted  tubules. 
The  cells,  again,  are  very 
irregular  in  size,  while 
their  "rodded"  character 
is  much  coarser  and  more 
defined  (fig.  303). 

The  distal  convoluted 
tubule  closely  resembles 
in  its  structure  the  proximal  convoluted  tubule,  and  is  lined  by  similar  cells.  The 
curved  collecting^  or  junctional  tubule,  although  narrow,  has  a  relatively  wide 
lumen,  as  it  is  lined  by  clear,  somewhat  flattened  cells. 

The  collecting  tubes  have  a  distinct  lumen  and  are  lined  by  clem\  somewhat 
irregular,  cubical  cells  (fig.  300,  V),  which  in  the  larger  excretorij  tubes  are  dis- 
The  basement-membrane  is  said  to  be  absent  in  the  larger 


II,  Bowman's  capsule  and  glomerulus,  a,  vas  afierens  ;  e,  vas 
eli'erens  ;  c,  capillary  network  of  the  cortex  ;  k,  endothelium 
of  the  capsule  ;  h,  origin  of  a  convoluted  tubule.  Ill, 

[  "  redded"  cells  from  a  convoluted  tubule— 2,  seen  from  the 
side,  with  g,  inner  granular  zone  ;  1,  from  the  surface.  IV, 
cells  lining  Henle's  looped  tubule.  V,  cells  of  a  collecting 
tube.    VJ,  section  of  an  excretory  tube. 


tinctly  columnar  (YI). 


Fig.  302. 

Convoluted  tubule  (after  ammonium  Chromate)  Epithelium  of  an  irreguhir  tubule  of 

showing  "  rodded  "  epithelium.  the  kidney  of  a  dog. 

tubes.  [Klein  describes  a  thin,  delicate,  nucleated  centro-tubular  membrane  lining 
the  surface  of  the  epithelium  next  the  lumen.] 

II.  The  Blood- Vessels. — [Considering  the  size  of  the  kidney  it  is  most  abun- 
dantly supplied  with  blood.] — The  renal  artery  (fig.  306)  divides  into  four  or 
five  branches,  which  pass  into  the  kidney  at  the  hilum.  These  branches, 
surrounded  by  connective-tissue  continuous  with  that  of  the  capsule,  continue  to 
divide,  and  pass  between  the  papillae,  to  reach  the  bases  of  the  pyramids  on  the 
limits  between  the  cortical  and  boundary  zones  where  they  form  incomplete 
arches.    From  these  horizontal  trunks,  the  interlobular  or  radiate  arteries  (fig. 
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299,  a)  run  vertically  and  singly  into  the  cortex,  between  each  two  medullary 
rays,  and  in  their  course  they  give  off  on  all  sides  the  short  undivided  vasa  afFer- 
entia  (1),  each  of  which  enters  a  Malpighian  capsule  at  the  opposite  pole  from 
which  the  urinary  tubule  is  given  off.  Within  the  capsule  each  afferent  artery 
breaks  up  into  capillaries  arranged  in  lobules  and  supported  by  connective-tissue, 
the  whole  forming  a  tuft  of  capillary  blood-vessels,  or  a  glomerulus.  Each 
glomerulus  is  covered  on  its  surface,  directed  towards  the  wall  of  the  capsule  by 
a  layer  of  flat,  nucleated,  epithelial  cells  (fig.  300,  II),  which  also  dip  down 
between  the  capillaries.  A  vein,  the  vas  efFerens  (2),  which  is  always  smaller 
than  the  afferent  arteriole,  proceeds  from  the  centre  of  the  glomerulus,  and 
leaves  the  capsule  close  to  the  point  at  which  the  afferent  vessel  enters  it  (fig. 

300,  II).  In  their  structure  and  distribution  all  the  efferent  vessels  resemble 
arteries,  as  they  divide  into  branches  to  form  a  dense,  narrow-meshed,  capillary 
network  (fig.  299,  A,  and  fig.  300,  II,  c),  which  ramifies  over  and  between  the 
convoluted  tubules.  The  meshes  are  elongated  around  the  tubules  of  the 
medullary  rays,  and  more  polygonal  around  the  convoluted  tubules  (fig.  299). 
Some  of  the  lowest  efferent  vessels  split  up  into  vasa  recta,  which  run  towards 
the  medulla.  The  interlobular  arteries  become  smaller  as  they  pass  towards  the 
surface  of  the  kidney,  and  some  of  their  terminal  capillaries  communicate  with 
the  capillaries  of  the  external  capsule  itself.  Venous  trunks  proceed  from  the 
capillary  network,  to  terminate  in  the  interlobular  veins  (Y),  which  begin  close 
under  the  capsule  by  venous  radicles  arranged  in  a  stellate  manner  (constituting 
the  stellulae  Verheynii,  or  venae  stellatse),  and -accompanying  the  corresponding 
artery  to  the  limit  between  the  cortex  and  boundary  zone,  where  they  com- 
municate with  the  large  venous  trunks  in  that  situation.  [The  subcapsular  layer 
of  the  cortex,  and  a  thin  layer  next  the  boundary  zone  (fig.  298,  a,  a),  are  devoid 
of  Malpighian  corpuscles.] 

The  blood-vessels  of  the  medulla  arise  from  the  vasa  recta  (fig.  299,  r),  which 
begin  on  the  limit  of  the  cortex  and  medulla,  either  as  single,  direct,  muscular 
branches  (r)  of  the  large  arterial  trunks,  or  from  those  efferent  vessels  (e)  which 
lie  next  to  the  medulla.  The  latter  are  said  to  be  devoid  of  muscle.  According 
to  Huschke,  a  few  vasa  recta  are  formed  by  the  union  of  the  capillaries  of  the 
medullary  rays.  All  the  vasa  recta  enter  the  boundary  layer,  where  they  split  up 
into  a  leash  or  pencil  of  small  arterioles,  which  pass  between  the  straight  tubules 
towards  the  pelvis,  and  form  in  their  course  a  capillary  network  witli  elongated 
meshes.  From  these  capillaries  there  arise  venous  radicles,  which,  as  they 
proceed  towards  the  limit  between  the  cortex  and  medulla,  form  the  venge  rectse 
(c),  and  open  into  the  concave  side  of  the  venous  trunks  in  this  region.  At  the 
apex  of  the  papillae,  the  capillaries  of  the  medulla  form  connections  with  the 
rosette-like  capillaries  surrounding  the  excretory  ducts  (at  I). 

The  circulation  through  the  vasa  recta  is  most  important.  The  cortical 
system  of  blood-vessels  communicates  with  the  medullary,  but  as  most  of  the 
vasa  recta  are  derived  from  the  same  vessel  as  the  interlobular  arteries,  it  is 
evident  that  they  may  form  a  side  stream  through  Avhich  much  of  the  blood  may 
pass  without  traversing  the  vessels  of  the  cortex.  Very  probably  the  "short-cut " 
is  useful  in  congestions  of  the  kidney.  The  amount  of  distention  of  these  vessels 
also  will  influence  the  size  of  the  tubules  lying  between  them.  There  are  two 
other  channels  by  which  blood  can  pass  through  the  renal  arteries  without 
traversing  the  glomeruli — (1)  The  anastomoses  between  the  terminal  twigs  of  the 
renal  artery  and  the  subcapsular  venous  plexus  ;  (2)  small  branches  given  off, 
either  by  the  interlobular  arteries  or  by  the  afferent  vessels  before  entering  the 
glomeruli  (Bruntor/).'] 

The  blood-vessels  of  the  external  capsule  are  derived  partly  from  the 
terminal  twigs  of  the  interlobular  arteries,  partly  from  branches  of  the  supra-renal, 
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phrenic,  and  lumbar  arteries,  which  anastomose  with  each  other.  The  capillary 
network  has  simple  meshes.  The  venous  radicles  pass  partly  into  the  vense 
stellatye,  and  partly  into  the  veins  of  the  same  name  as  the  arteries.  The  connec- 
tion of  the  area  of  .  the  renal  artery  with  the  other  arteries  of  the  capsule  explains 
why,  after  ligature  of  the  renal  artery  within  the  kidney,  the  blood  still  circulates 
in  the  external  capsule  ((7.  Ludwig,  M.  Hernno.n) ;  in  fact,  these  blood-vessels  still 
supply  the  kidney  with  a  small  amount  of  blood,  which  may  suffice  to  permit  a 
slight  secretion  of  urine  to  take  jolace  {Litten,  Pautynsid). 

III.  The  lymphatics  form  a  wide-meshed  plexus  in  the  capsule  of  the  kidney, 
while  under  it  they  form  large  spaces  {Heldenliain).  In  the  parenchyma  of  the 
kidney,  the  lymphatics  are  said  to  be  represented  by  large  slits  devoid  of  a  wall  in 
the  tissues,  and  are  more  numerous  around  the  convoluted  than  the  straight 
tubules.  The  slits  pass  to  the  surface  of  the  kidney,  and  expand  under  the 
capsule.  When  the  lymphatics  are  greatly  distended,  they  tend  to  compress 
the  uriniferous  tubules  and  the  blood-vessels  (C  Ludwig  and  Zawarykiri). 
According  to  Ryndowsky,  the  uriniferous  tubules  are  surrounded  by  true 
lymphatics  with  an  endothelial  lining,  and  they  even  penetrate  into  the  capsule  of 
Bowman  along  with  the  vas  afFerens.  [The  large  blood-vessels  are  also  surrounded 
by  lymphatics.]  Large  lymphatics,  provided  with  valves,  pass  out  of  the  kidneys 
at  the  hilum,  while  others  emerge  through  the  capsule ;  both  sets  are  connected 
with  the  lymph-spaces  of  the  capsule  of  the  kidney  {A.  Budge). 

IV.  The  nerves  form  small  trunks  provided  with  ganglia,  and  accompany  the 
blood-vessels.  [They  are  derived  from  the  renal  plexus  and  the  lesser  splanchnic 
nerve.]    The  nerves  forming  the  renal  plexus  are  derived  chiefly  from  the  solar 

plexus.  As  the  right  vagus 
and  great  and  lesser  sjDlanch- 
nics  join  the  solar  plexus, 
it  is  probable  that  branches 
of  these  nerves  enter  the 
kidney  by  way  of  the  renal 
plexus.  The  splanchnics, 
however,  send  branches  di- 
rect to  the  renal  plexus,  and 
the  left  vagus  sends  some 
fibres  to  the  left  kidney.  In 
the  dog  the  11th,  12th,  and 
13th  dorsal  sj^inal  nerves, 
and  perhaps  some  of  the 
upper  himbar  nerves,  send 
branches  into  the  kidney 
via  the  renal  plexus  (§  276). 
They  contain  medullated 
and  non-medullated  fibres, 
and  the  latter  have  been 
traced  by  W.  Krause  as  far 
as  the  apices  of  the  papillae. 
Their  mode  of  termination  is 
unknown.  PI ly  sit  logically, 
we  are  certain  that  they  contain  both  vaso-constridor,  vaso- dilator,  and  sensory 
fibres ;  perhaps  there  may  be  also  secretory  fibres  [although  we  have  no  evidence 
of  the  termination  of  nerve-fibres  in  the  epithelium  of  the  tubules]. 

V.  The  connective-tissue,  or  interlobular  stroma,  forms  in  the  papillae,  especially 
at  their  apices,  fibrous,  concentric  layers  of  considerable  thickness  between  the 
excretory  tubules  (fig.  303).    Further  outwards,  the  fibrillar  character  becomes  less 
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distinct,  while  at  the  same  time  branched  connective-tissue  corpuscles  occur  in 
greater  numbers.  In  the  cortex,  the  interstitial  stroma  consists  almost  entirely  of 
branched  corpuscles,  which  anastomose  with  each  other.  [There  is  also  a  small 
quantity  of  delicate  fibrous  tissue  around  Bowman's  capsule,  and  along  the  course 
of  the  arteries.  The  connective-tissue  often  plays  an  important  role  in  pathological 
conditions  of  the  kidney,  as  interstitial 
nephritis.]  The  outer  layers  of  the 
capsule  of  the  kidney  are  composed  of 
dense  bundles  of  fibrous  tissue,  while 
the  deeper  layers  are  more  loose,  and 
send  processes  into  the  cortical  layers. 
The  capsule  is  easily  stripped  off.  None 
of  the  secretory  substance  is  removed 
with  it.  The  fat  surrounding  the  kidney 
is  united  to  the  latter  partly  by  blood- 
vessels and  partly  by  bands  of  con- 
nective tissue.  Fig.  304.  g  3040 

YI,  Smooth  Muscle  is  present  (1)  as  a 
sphincter-like  layer  round  the  apex  of  each 
papilla  {Henle)  ;  (2)  as  a  wide-meshed  thin 
plexus  on  the  surface  of  the  kidney  Just  under 
the  capsule  ;  (3)  as  fine  fibres  derived  from  the 
pelvis  of  the  kidney  and  which  pass  along 
with  the  blood-vessels  into  the  pyramids 
{Jardet).  (4)  Kostjurin  found  in  the  dog  in 
the  boundary  zone  between  the  cortex  and 
medulla  a  layer  of  muscle  which  sends  pro- 
Ion  orations  into  both  zones. 

[Development  of  a  Malpighian  Capsule, — 
The  upper  end  of  the  urinary  tubule  is  dilated 
and  closed,  and  into  it  there  grows  a  tuft  of 
blood-vessels  [a]  pushing  one  layer  of  the 
tube  (&)  before  it,  hence  the  capillaries  be- 
come invested  by  it,  just  as  an  organ  is  sur- 
rounded by  a  serous  sac,  so  that  one  layer — 
the  reflected  one  (&) — of  the  tubule  is  closely 
applied  to  the  blood-vessels,  while  the  other 
(c)"  lies  loosely  over  it  with  a  space  between 
the  two  (fig.  304).] 

255.  THE  URINE.— Physical  Char- 
acters.— A  knowledge  of  the  composi- 
tion of  this  secretion  is  of  the  greatest 
value  to  the  physician  and  surgeon. 

1.  The  quantity  of  urine  passed  by 
an  adult  man  in  twenty-four  hours  is 
between  1000  and  1500  cubic  centi- 
metres, or  about  50  oz.,  and  in  the  female  900  to  1200  c.c.    The  minimum  is 
secreted  between  2  to  4  a.m.,  and  the  maximum  between  2  to  4  p.m.  [Weigelin). 

The  amount  is  diminished  by  profuse  sweating,  diarrhoea,  thirst,  non-nitrogenous  food, 
diminution  of  the  general  blood-pressure,  after  severe  haemorrhage,  and  in  some  diseases  of  the 
kidneys.  The  minimum,  which  may  be  normal,  is  400  to  500  c.c.  It  is  increased  by  increase 
of  the  general  blood-pressure,  or  of  the  pressure  within  the  area  of  the  renal  artery,  by  copious 
drinking,  contraction  of  the  cutaneous  vessels  through  the  action  of  cold,  the  passage  of  a  large 
amount  of  soluble  substances  (urea,  salts,  and  suojar)  into  the  urine,  a  large  amount  of  nitro- 
genous food,  as  well  as  by  various  drugs,  such  as  digitalis,  alcohol,  sqirills.  After  taking  fluids 
charged  with  CO2,  the  amount  of  urine  is  increased  during  the  following  hours  (QuincJce). 

The  secretion  is  influenced  directly  by  the  nervous  system,  as  in  the  sudden  polyuria  following 
nervous  excitement,  such  as  hysteria,  [when  the  person  usually  passes  a  large  amount  of  very 
pale-coloured  urine]  ;  after  an  epileptic  attack,  and  also  after  pleasurable  excitement  (Beneke), 


Fig.  305.  Fig.  306. 

Fig.  304. — Development  of  a  glomerulus  and 
Malpighian  capsule,  a,  capillary  ;  b,  vis- 
ceral, c,  parietal  layer  of  capsule. 

Fig.  305. — Graduated  cylinder  and  flask  for 
measuring  the  amount  of  urine. 

Fig.  306.--Urinometer. 
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We  may  have  polyuria  unaccompanied  by  the  presence  of  sugar  in  the  urine,  which  follows 
injury  to  a  certain  part  of  the  floor  of  the  fourth  ventricle  [CI.  Bernard).  The  urine  is  measured 
in  tall  graduated  cylindrical  vessels  (fig.  305).-  [In  estimating  the  quantity  of  urine  passed,  the 
patient  must,  of  course,  be  directed  always  to  empty  his  bladder  at  a  particular  hour,  and  collect 
the  urine  passed  during  the  next  twenty-four  hours.] 

_  [Comparative.  —In  man  60  i)er  cent,  of  the  water  eliminated  from  the  body  is  given  ofi"  by  the 
kidneys,  and  40  by  the  lungs  and  skin.  In  herbivora  30  per  cent,  of  the  water  is  eliminated  by 
the  kidneys  and  70  by  the  lungs  and  skin,  while  in  Carnivora  the  proportions  are  70  by  the 
urine  and  30  by  the  lungs  and  skin  {Munh).'\ 

2.  The  specific  gravity  varies,  as  a  mean,  between  1015  and  1025 ;  the  minimum, 
after  copious  draughts  of  water,  may  be  1002  ;  wliile  the  maximum,  after  profuse 
perspiration  and  great  thirst,  may  be  1040.  The  mean  specific  gravity  is  about 
1020.  In  newly-born  cliildren,  the  specific  gravity  falls  very  considerably  during 
the  first  three  days,  which  is  due  to  the  amount  of  food  taken  {Martin  and  Rage). 
[The  specific  gravity  of  the  urine  in  infants  is  about  1003  to  1006.]  A  healthy 
adult  excretes  about  70  grms.  [21  oz.]  daily  of  solids  by  the  urine,  or  about  1  grm. 
of  solids  per  1  kilo,  of  body  weight. 

The  specific  gravity  is  estimated  by  means  of  a  urinometer  (fig.  306),  the  urine  being  at  the 
temperature  of  16°  C.  [The  urinometer,  when  placed  in  distilled  water,  ought  to  float  at  the 
mark  0°  or  zero,  which  is  conventionally  spoken  of  as  1000.  Place  the  urine  to  be  tested  in  a 
tall  cylindrical  glass,  of  such  width  that  the  urinometei',  when  placed  in  it,  may  float  freely 
and  not  touch  the  sides.  Take  care  that  no  air-bubbles  adhere  to  the  instrument.  When 
reading  ofl'  the  mark  on  the  stem,  raise  the  vessel  to  the  eye  and  bring  the  eye  on  a  level  with 
the  suiface  of  the  water,  noting  the  number  which  corresponds  to  this.  This  rule  is  adopted, 
because  the  water  rises  on  the  stem  in  virtue  of  capillarity.  It  is  essential  that  a  sample  of  the 
mixed  urine  of  the  twenty-four  hours  be  used  for  ascertaining  the  mean  specific  gravity.] 

Christison's  Formula. — To  estimate  the  amount  of  solids  in  the  urine.  This  may  be  done 
approximately  by  means  of  the  formula  of  Trapp  or  Haeser,  or,  as  it  is  called  in  this  country, 
"Christison's  Formula,"  viz.,  "  Multiply  the  two  last  figures  of  a  specific  gravity  expressed  in 
four  figures  by  2-33  "  (Christison  and  Haeser),  or  by  2  [Trapij),  or  2-2  {Loehisch).  This  gives 
the  amount  of  solids  in  every  1000  parts.  [Suppose  a  person  passes  1200  c.c.  urine  in  twenty- 
four  hours,  and  the  specific  gravity  is  1022,  then 

22  x  2 -33  =  51 -26  grms.  in  1000  c.c. 
To  ascertain  the  amount  in  1200  c.c. 

1000  :  1200  :  :  51-26  :  x  =  ^-^^^^^  =  61  "51  grms.] 

Direct  Estimation  of  Solids.— Place  15  c.c.  of  urine  in  a  capsule  of  known  weight,  and 
evaporate  it  to  dryness  oyer  a  water-bath  ;  afterwards  completely  dry  the  residue  in  an  air-bath 
at  100°_C.,  and  then  cool  it  over  concentrated  sulphuric  acid.  During  the  process,  a  small  amount 
of  urea  is  decomposed,  so  that  the  value  obtained  is  slightly  too  small.  Of  course  the  specific  gravity 
varies  with  the  amount  of  water  in  the  urine.  The  most  concentrated  (highest  specific  gravity) 
urine  is  the  morning  urine  (Urina  noctis),  especially  after  being  retained  in  the  bladder,  e.g., 
in  prolonged  sleep  a  certain  amount  of  water  is  absorbed,  so  that  the  urine  becomes  more  con- 
centrated. The  most  dilute  urine  is  secreted  after  copious  drinking  (Urina  potus).  Under 
pathological  conditions,  as  in  diabetes  mellitus  (§  175),  the  urine  is,  at  the  same  time,  very 
copious  (as  much  as  10,000  c.c),  and  very  concentrated,  so  that  the  specific  gravity  varies  from 
1030  to  1060,  [due  to  the  presence  of  a  large  amount  of  grape-sugar].  In  fever  the  urine  is 
concentrated  and  small  in  amount.  In  polyuria,  due  to  certain  nervous  conditions,  the  urine 
is  very  dilute  and  copious,  while  the  specific  gravity  may  be  as  low  as  1001. 

3.'  The  colour  of  the  urine  depends  on  tlie  colouring-matters  present  in  it,  and 
varies  greatly,  but  the  differences  in  colour  are  due  chiefly  to  variations  in  tlie 
amount  of  water.  I^ormally  it  has  a  pale  straw  colour,  but  if  it  contains  more 
water  than  usual  it  has  a  very  pale  tint,  and  in  certain  cases  (as  in  the  sudden 
polyuria  occurring  after  an  attack  of  hysteria)  it  may  be  as  clear  as  water.  Con- 
centrated urine,  as  after  meals,  or  the  first  urine  passed  in  the  morning,  has  a 
darker  colour;  it  is  a  dark  yellow  or  brownish-red;  while  it  is  usually  dark 
coloured  in  fever. 

Foetal  urine,  and  also  the  urine  first  passed  after  birth,  are  as  clear  and  colourless  as  water 
The  admixture  of  various  substances  with  the  urine  alters  its  colour.  When  mixed  with  blood 
according  to  the  degree  of  decomposition  of  the  hajraoglobin,  the  urine  is  red  or  dark  brownish 
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red  [more  frequently  it  is  smoTcy],  especially  if  the  blood  comes  from  the  kidneys  and  tlie  urine  is 
acid.  When  mixed  with  bile  pigments,  it  is  of  a  deep  yellowisli-hrown,  with  an  intense  yellow 
froth  ;  senna  taken  internally  makes  it  intensely  red,  rhubarb  brownish-yellow,  ami  carbolic 
acid  black.  Urine  undergoing  the  ammoniacal  fermentation  may  present  a  dirty  bluish  appear- 
ance owing  to  the  formation  of  indigo.  The  colour  of  urine  is  estimated  by  Neubauer  and 
Vogel  by  means  of  an  empirical  "  colour-scale." 

Urine,  but  especially  ammoniacal  urine,  exhibits  fluorescence,  which  disappears  on  the 
addition  of  an  acid,  and  reappears  after  the  addition  of  an  alkali. 

Normal  urine,  after  standing  for  several  hours,  deposits  a  fine  cloud  of  vesical  mucus  [like 
delicate  cotton  wool].  The  froth  of  normal  urine  is  white,  and  disappears  pretty  rapidly,  while 
that  on  an  albuminous  urine  persists  much  longer.  The  urine  not  unfrequently  contains  some 
epithelial  cells  from  the  bladder  and  urethra. 

[Of  the  total  solids  (  =  65  grams)  urea  =  about  32  grams,  chlorides  =  15  grams, 
phosphoric  acid  =  2 '5  grams  =  49-5  grams;  the  remainder  consists  of  other  sub- 
stances, so  that  about  f  are  organic  and  J  inorganic] 

[The  following  table  gives  approximately  the  average  quantities  in  grams  of  the 
chief  substances  excreted  in  the  urine  by  a  healthy  adult  in  24  hours. 

Total  Amount  in  Grams.  Percentage  in  Grams. 


Water, 
Solids, 

Organic 


f  Urea, 
J  Uric  Acid, 
j  Hippuric  acid, 
L  Kreatinin, 


Sodic  chloride, 
Phosphoric  acid, 
Sulphuric  acid, 
Inorganic -J  Sodium,  . 

Magnesium, 
Potassium, 
.Calcium, 


1440-1500 

96 

57-68 

4 

28  -  32 

2-5- 

3 

•7 

•05 

■3-2 

•015- 

•1 

l'7-2-l 

•1 

15-20 

1  - 

1^25 

2-5-3 

•16 

2-2-5 

•15 

5-7 

•4 

•4 

•03 

3-4 

•25 

•3 

•02] 

[Amounts  of  the  Seveeal  Urinaey 
CoNSTrruENTs  {LoeMscJi). 

[Amounts  of  the  Several  Urinary 
Constituents  Passed  in  24  Hours  {Parkes'). 

Constituents. 

Man,  28  years  of  age, 
weight,  72  kilos.,  observa- 
tions over  8  days  {Kerner). 

In  24  hours. 

Mean  of 
analyses  in 

different 
individuals 

{Vogel). 

Constituents. 

By  an  aver- 
age man  of 
66  kilos. 

Per  1 
kilo,  of 

body- 
weight. 

Min. 

Max. 

Mean. 

In  24  hours. 

c.c. 

c.c. 

c.c. 

c.c. 

grms. 

grms. 

Quantity,  , 

1099 

2150 

1491 

1500 

Water, 

1500-000 

23  000 

Specifle  gravity, 

1015 

1027 

1021 

1020 

Total  solids, 

72-000 

1-100 

Water, 

1440 

Urea, 

33  180 

0-500 

SoUds, 

fiO 

Uric  acid,  . 

0-555 

0-0084 

Urea, 

32-00 

43-4 

38-1 

35 

Hippuric  acid,  . 

0-400 

0  0060 

Uric  acid,  . 

0-69 

1-37 

0-94 

0-7-5 

Kreatinin, 

0-910 

0-0140 

Sodium  chloride, 

15-00 

19-20 

16-8 

16-5 

Pigment   and  other 

Phosphoric  acid. 

3-00 

4-07 

3-42 

3-5 

substances,  . 

10-300 

0-1510 

Sulphuric  acid,  . 

2-2G 

2-84 

2-48 

2-0 

Sulphuric  acid,  . 

2  012 

0-0305 

Phosphorus,  CHlcium, 

0-25 

0-51 

0-38 

Phosphoric  acid. 

3-164 

0-0486 

Magnesium  phosphate, 

0-67 

1-29 

0-97 

Chlorine,  . 

7-000  (8  12) 

0-1260 

Total    quantity  of| 

0-92 

1-80 

1-35 

1-2 

Ammonia,  . 

0-770 

earthy  phosphates,  j' 

Potassium, 

2-500 

Ammonia, . 

0-74 

1-01 

0-83 

0-65 

Sodium, 

11-090 

Free  acid,  . 

1-74 

2-20 

1-95 

3  ] 

Calcium,  . 

0-260 

Magnesium, 

0-207 

4.  Consistence. — Normal  urine,  like  water,  is  a  freely  mobile  fluid.  [The 
temperature  is  about  39°  C] 

Large  quantities  of  sugar,  albumin,  or  mucus  make  it  less  mobile  ;  while  the  so-called  chylous 
urine  of  warm  climates  may  be  like  a  white  jelly. 

5.  The  taste  is  a  saline  bitter,  the  odour  is  characteristic  and  aromatic. 

Ammoniacal  urine  has  the  odour  of  ammonia.  Turpentine  taken  internally  gives  rise  to  the 
odour  of  violets,  copaiba  and  cubebs  a  strongly  aromatic,  and  asparagus  an  unpleasant  odour. 
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Valerian,  assafcetida,  and  castoreuni  [but  not  cami)lior]  also  produce  a  characteristic  odour. 
[The  odour  of  diabetic  urine  is  described  as  "sweet."] 

6.  The  reaction  of  normal  urine  is  acid,  owing  to  tlie  presence  of  acid  salts, 
chiefly  acid  sodic  phosphate,  [NaHgPO J  which  seems  to  be  derived  from  basic 
sodic  phosphate,  owing  to  the  uric  acid,  hippuric  acid,  sulphuric  acid,  and  CO^ 
taking  to  themselves  part  of  the  soda,  so  that  the  j^hosphoric  acid  forms  an  acid 
salt.  After  a  diet  of  flesh,  acid  potassic  phosphate  is  the  cause  of  the  acidity. 
That  the  urine  contains  no  free  acid  is  proved  by  the  fact  that  it  gives  no  precipi- 
tate with  sodic  hyposulphite  {v.  Voif,  Hiqypert).  [The  uric  acid  exists  as  urates, 
tlie  hippuric  acid  also  is  not  free,  but  exists  as  an  alkaline  hippurate.  Brücke  has 
proved  this  by  congo-red,  which  gives  a  violet  or  inky  colour  with  one  part  of 
free  hippuric  acid  in  55,000  of  water,  but  urine  gives  no  change  of  colour.] 

The  acid  reaction  is  increased  after  the  use  of  acids,  e.g.,  hydrochloric  and  phosphoric,  also 
by  ammoniacal  salts,  which  are  changed  within  the  body  into  nitric  acid  ;  lastly,  after  pro- 
longed muscular  exertion.  The  morning  urine  is  strongly  acid.  [Sometimes  under  patho- 
logical conditions  free  fatty  acids  appear  in  the  urine  (lipaciduria).] 

The  urine  becomes  less  acid  or  alkaline— (1)  By  the  use  of  caustic  alkalies,  alkaline 
carbonates,  or  alkaline  salts  of  the  vegetable  acids,  the  last  l^eing  oxidised  within  the  body 
into  carbonates.  (2)  By  the  presence  of  calcic  or  magnesia  carbonate.  (3)  By  admixture 
with  alkaline  blood,  or  pus.  (4)  By  removing  the  gastric  juice  through  a  gastric  fistula  (p.  293— 
Mall/);  further,  from  one  to  three  hours  after  a  meal.  [The  reaction  of  urine  passed  during 
digestion  may  be  neutral,  or  even  alkaline.  This  is  due  either  to  the  formation  of  acid  in  the 
stomach  {Bence  Jones),  or  to  a  fixed  alkali  derived  from  the  basic  alkaline  phosphates  taken 
with  the  food  (  JF.  Roberts).']  (5)  The  urine  is  rarely  alkaline  in  antemia,  owing  to  a  deficiency 
of  phosphoric  and  sulphuric  acids.  [(6)  The  nature  of  the  food— vegetable  food  makes  it 
alkaline.  (7)  By  })rofuse  sweating.  (8)  By  absorption  of  alkaline  transudations  (blood, 
serum).] 

[Method. — The  reaction  of  urine  is  tested  by  means  of  litmus  paper.  Normal  urine  tvu-ns 
blue  litmus  paper  red,  and  does  not  affect  red  litmus.  An  alkaline  urine  makes  red  litmus 
pa])er  blue,  while  a  neutral  mine  does  not  alter  either  blue  or  red  litmus  paper.]  Sometimes 
violet  \\im\\%  paper  is  used,  which  becomes  red  in  acid,  and  blue  in  alkaline  urine. 

Estimation  of  the  Acidity. — This  is  done  by  determining  the  amount  of  caustic  soda 
necessary  to  produce  a  neutral  reaction  in  100  c.c.  of  urine.  A  soda  solution,  containing  O'OOSl 
grin,  of  soda  in  each  c.c,  is  used  ;  1  c.c.  of  this  solution  exactly  neutralises  0-0063  grm.  oxalic 
acid.  To  the  100  c.c.  of  urine  in  a  beaker,  soda  solution  is  added,  drop  by  drop,  from  a 
graduated  burette  (fig,  307),  until  violet  litmus  paper  becomes  neither  red  nor  blue.  The 
number  of  c.c.  of  soda  solution  is  now  read  off  on  the  burette,  and  as  each  c.c.  corresponds  to 
0'0063  grm.  oxalic  acid,  we  can  easily  calculate  the  amount  of  oxalic  acid  which  is  equivalent 
to  the  degree  of  acidity  in  100  c.c.  of  urine.  So  that  the  degree  of  acidity  of  the  urine  is 
expressed  by  the  equivalent  amount  of  oxalic  acid,  which  is  completely  neutralised  by  the 
same  amount  of  caustic  soda.] 

[Urine  of  Mammals. —The  urine  of  Carnivora  is  pale,  passing  into  a  golden-yellow;  its 
specific  gravity  is  high,  and  its  reaction  strongly  acid.  The  urine  of  herbivora  is  alkaline  ;  it 
shows  a  precipitate  of  earthy  carbonates  (hence,  it  effervesces  on  the  addition  of  an  acid),  and 
of  basic  earthy  phosphates.  During  hunger,  the  urine  presents  the  character  of  that  of  Car- 
nivora, as  the  animal  in  this  case  practically  lives  upon  its  own  flesh  and  tissues.] 

256.  I.  THE  ORGANIC  CONSTITUENTS  OF  URINE,— Urea,  C0(NH2)2, 

the  diamid  of  COg,  or  Carbamid,  is  the  chief  end-product  of  the  oxidation  of  the 
nitrogenous  constituents  of  the  body  (p,  419).  Its  composition  is  comparatively 
simple  :  1  carbonic  acid  +  2  ammonia  -  1  water.  It  crystallises  in  silky  four-sided 
prisms  with  oblique  ends  (rhombic  system),  without  water  of  crystallisation  (fig. 
308,  1)  :  if  it  crystallises  rapidly  it  forms  delicate  white  needles.  It  has  no  action 
on  litmus,  is  odourless,  and  has  a  weak,  bitter,  cooling  taste,  Hke  saltpetre ;  is 
readily  soluble  in  water  and  alcohol,  but  insoluble  in  ether.  It  is  an  isomer  of 
ammonium  cyanate,  from  which  it  may  be  prepared  by  evaporation,  whereby  the 
atoms  rearrange  themselves  (  Woliler,  1828).  It  can  be  prepared  artificially  in  many 
other  ways. 

Decomposition  of  Urea.— When  heated  above  120°,  it  gives  off"  anunonia  vapour,  while  a 
glassy  mass  of  biuret  and  cyanic  acid  is  left.  When  urine  undergoes  the  alkaline  fermentation 
(§  263),  or  when  urea  is  treated  with  strong  mineral  acids,  or  boiled  with  the  hydrates  of  the 
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alkalies,  or  superheated  with  water  (240°  C. ),  it  takes  up  two  molecules  of  water  and  produces 
auimonium  carbonate,  thus — 


CO(NH2)2  +  2H2O  =  (NH4)2C03. 

When  brought  into  relation  witli  nitrous  acid,  it  splits  up  into  water,  COg,  and  N 
two  decompositions  are  made  the  bases  of  methods  for  the  quantitative  estimation  of  un 
[Biuret. — When  urea  is  heated  to  150°-170"  C.  it  melts,  gives  otf  ammonia,  and  the 


The  last 
■ea  (§  257). 
substance 


"which  remains  is  biuret 


2CON2H, 
Urea. 


NH3  =  CAI^3H. 
Biuret. 


Biuret  with  caustic  potash  and  CuSO^  gives  a  characteristic  rosy  solution.] 

Quantity. — In  normal  urine,  urea  occurs  to  the  extent  of  2-5  to  3*2  per  cent. 
An  adult  man  excretes  daily  from  30  to  40  grms. 
[500  grains,  or  a  little  over  1  oz.] ;  women  less, 
children  relatively  more  [at  3-6  years,  1  gram ; 
8-11,  -8  gram;  and  13-16,  '4- '6  gram  per  kilo,  of 
body- weight]  ;  owing  to  the  relatively  greater  meta- 
bolism in  children,  the  unit  weight  of  body  produces 
more  urea  than  the  unit  weight  of  an  adult,  in  the 
proportion  of  1*7  :  1.  If  the  metabolism  of  the 
body  is  in  a  condition  of  equilibrium  (§  236),  the 
urea  excreted  contains  almost  as  much  X  as  is  taken 
in  with  the  nitrogenous  constituents  of  the  food  (p. 
439). 

Variations  in  the  Quantity.  —The  amount  of  urea 
mcreases  when  the  amount  of  proteids  in  the  food 
is  increased ;  and  also  when  there  is  a  more  rapid 
breaking  up  of  the  nitrogenous  tissues  of  the  body 
itself.    As  this  breaking  up  is  increased  by  diminu- 
tion of  0,  and  by  loss  of  blood,  so  these  conditions 
also  increase  the  urea  (§  41).    It  is  also  increased 
by  drinking  large  draughts  of  water,  by  various 
salts,  by  frequent  urination,  and  by  exposure  to 
compressed  air.    In  diabetic  persons,  who  eat  very 
large  quantities  of  food,  it  may  exceed  110  grms. 
[over  3  oz.]  per  day;  during  hunger  it  sinks  to  6*1 
.grms.  [90  grains]  per  day.    During  inanition,  the 
maximum  amount   is  excreted  towards  mid-day, 
and  the  minimum  in  the  morning.     The  daily 
amoimt  of  urea  varies  with  the  quantity  of  urine; 
three  to  four  hours  after  a  meal,  the  forma- 
tion of  urea  is  at  a  maximum,  when  it  sinks 
and  reaches  its  minimum  during  the  night. 
Muscular  exercise,  as  a  rule,  does  not  in- 
crease  it  {v.    Voit,  Fick   and  WisUnenus) 
although   Pflüger   states   that   greatly  in- 
creased muscular  activity  increases  the  urea, 
and  in  the  same  proportion  the  total  N  ex- 
creted by  the  urine  (§  295). 

Pathological. — In  acute  febrile  inflammations,  r 

increases  until  the  crisis  is  reached,  and  afterwards  it  diminishes.  After  the  fever  has  passed 
off,  the  amount  excreted  is  often  under  the  normal.  In  some  cases  of  high  fever,  although  the 
amount  of  urea  formed  is  increased,  it  may  not  be  excreted  ;  there  is  a  retention  of  the  urea, 
which,  later  on,  may  lead  to  an  increased  excretion  {Naunyn).  In  chronic  diseases,  the  amount 
•depends  largely  upon  the  state  of  the  nutrition,  the  metabolism,  and  also  upon  the  degree  of 
fever  present.    Degenerative  changes  in  the  liver,  e.g.,  due  to  poisoning  witli  phosphorus,  may 


Fig.  307. 

Graduated  burette. 

id  in  fevers  generally  (§  220,  3),  the  urea 
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be  accompanied  by  diminished  excretion  of  urea  and  increased  excretion  of  ammonia 
{Stadehnann).  It  is  increased  in  man  by  morphia,  narcotin,  narcein,  papaverin,  codein, 
tliebain  {Fubini),  arsenic  (Gathgens),  compounds  of  antimony,  and  small  doses  of  phosphoius 
(Baiier),  which  favour  the  decomposition  of  proteids,  and  by  substances  which  increase  the 
bile  formation  in  the  liver  {N'.  Paton).    Quinine,  which  "spares"  the  proteids,  diminishes  it. 

Occurrence. — Urea  occurs  in  the  blood  (1  :  10,000),  lymj)h,  chyle,  (2  :  1000),  liver,  lymph- 
glands,  spleen,  lungs,  brain,  eye,  bile,  saliva,  amniotic  fluid,  and  jiathologically  in  sweat,  e.g., 
in  cholera,  in  the  vomit  and  sweat  of  urtemic  patients,  and  in  dropsical  fluids. 

Formation  of  Urea. — It  is  certain  that  it  is  the  chief  end-product  of  the  meta- 
bolism of  tlie  proteids.  Less  oxidised  products  are  uric  acid,  guanin,  xanthin, 
hypoxanthin,  alloxan,  allantoin,  [but  it  does  not  follow  tlmt  these  are  precursors 
of  urea].  Uric  acid  administered  internally  appears  in  the  urine  as  urea  ;  alloxan 
and  hypoxanthin  can  be  directly  changed  into  urea.  The  urea  excretion  is 
increased  by  the  administration  of  leucin,  glycin,  aspartic  acid,  or  ammonia  salts 
{Schulzen,  Nenckl).  As  yet  it  has  not  been  definitely  determined  where  urea  is 
formed,  but  the  liver,  and,  perhaps,  the  lymph-glands,  are  organs  where  it  is  pro- 
duced (§  178). 

In  birds  the  liver  forms  uric  acid  from  ammonia.  The  liver  can  be  readily  excluded  from 
the  circulation  in  birds,  and  Minkowski  found  that  after  this  operation  the  uric  acid  was  dimi- 
nished and  the  ammoniacal  salts  were  increased  (§  178). 

Antecedents  of  Urea. — During  digestion,  part  of  the  proteids  is  converted  into 
leucin,  ty rosin,  glycin,  and  aspartic  acid.    If  the  amido-acids,  glycin,  leucin,  or 


Fig.  308. 

1,  2,  Prisms  of  pure  urea  ;  3,  rhomboidal  plates  ;  4,  hexagonal  tablets  ;  5,  6,  irregular  scales 

and  plates  of  urea  nitrate. 

aspartic  acid,  or  ammoniacal  salts  be  given  to  an  animal,  the  amount  of  urea  excreted 
is  increased.  As  the  molecule  of  the  amido-acids  contains  only  one  atom  of  E",  and  the 
molecule  of  urea  contains  two  of  N",  it  is  probable  that  urea  may  be  formed  syntheti- 
cally from  these  acids.  It  is  possible  that  the  amido-acids  meet  with  nitrogenous 
residues  in  the  juices  of  the  body,  e.g.,  carbamic  acid  or  cyanic  acid.  The  union  of 
these  may  produce  urea.  According  to  Salkowski,  feeding  with  these  substances 
causes  the  breaking  up  of  the  proper  proteids  of  the  body  so  as  to  provide  the 
necessary  components.  Schmiedeberg  is  of  opinion  that  urea  is  formed  in  the 
body  from  ammonium  carbonate  by  the  removal  of  water ;  and  v.  Schröder  found 
that  when  he  passed  blood  containing  ammonia  carbonate  through  a  "  surviving  " 
liver  the  urea  in  the  blood  was  greatly  increased.  Drechsel  succeeded  in  producing 
urea  at  ordinary  temperatures  by  the  rapid  alternating  oxidation  and  reduction  of  a 
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watery  solution  of  ammonium  carbonate.  [We  know  that  the  greater  part  of  the 
urea  exists  in  the  blood,  and  that  the  renal  epithelium  removes  it  from  the  blood. 
Although  it  is  surmised  that  some  of  the  nitrogenous  bodies  named  above,  more 
especially  leucin,  and  perhaps  also  kreatin,  are  the  precursors  of  urea,  yet  we 
cannot  say  definitely  how  or  where  the  transformation  takes  place.  Perhaps  this 
is  effected  in  the  liver,  and,  it  may  be,  also  in  the  sj)leen  (§  193).] 

Preparation  of  Urea, — Urea  may  he  prepared  from  dog's  urine  (especially  after  a  diet  of  flesh) 
by  evaporating  it  to  a  syrupy  consistence,  extracting  it  with  alcohol,  and  again  evaporating  the 
filtrate  to  a  syrupy  consistence.  The  crystals  which  separate  are  washed  with  water  to  remove 
any  extractives  that  may  be  mixed  with  them,  and  dissolved  in  absolute  alcohol.  It  is  then 
filtered  and  allowed  to  crystallise  slowly. 

Or,  human  urine  may  be  evaporated  to  one-sixth  of  its  volume  and  cooled  to  0°,  and  excess 
of  strong  pure  nitric  acid  added,  which  precipitates  urea  nitrate  mixed  with  colouring  matter. 
This  precipitate  is  pressed  in  blotting-paper,  then  dissolved  in  boiling  water  containing  animal 
charcoal,  and  filtei  ed  while  hot.  When  it  cools,  colourless  crystals  of  urea  nitrate  separate  (fig. 
308).  These  crystals  are  redissolved  in  warm  water,  and  barium  carbonate  added  until  eiier- 
vescence  ceases  ;  urea  and  barium  carbonate  are  formed.  Evaporate  to  dryness,  extract  with 
absolute  alcohol,  filter,  and  allow  evaporation  to  take  place,  when  urea  separates. 

Compounds  of  Urea. — Urea  combines  with  acids — nitric,  oxalic,  phosphoric — 
bases,  and  salts  (JSTaCl,  nitrate  of  mercury).  The  following  are  the  most 
important  combinations  : — 

1.  Urea  nitrate  (0114X20,  ffiSTOg)  is  easily  soluble  in  water,  and  not  so  soluble  in  water  con- 
taining nitric  acid.  It  forms  characteristic  rhombic  crystals  (fig.  308,  3,  4,  5,  6).  Sometimes 
the   formation  of  these  crystals  is  used  to  determine 

microscopically  the  presence  of  urea  in  a  fluid.     If  a  U  C3 

fluid  is  suspected  to  contain  minute  traces  of  urea,  it  is  rj  v# 


concentrated  and  a  drop  of  the  fluid  is  put  on  a  micro-  /v  ^^r^ 

scopic  slide.    A  thread  is  })laced  in  the  fluid,  and  the  ^\  V 

whole  is  covered  with  a  cover-glass.    A  drop  of  coneen-  « m  x**"^ 

trat ed  nitric  acid  is  allowed  to  flow  under  the  cover-glass,  *  \— .        <»-«J  i'^  > 

mixing  a  concentrated  solution  ot  urea  with  oxalic  acid. 


thread  may  be  detected  with  the  microscope.  ^""^S^^^  iT^^^ 

9.  Urea  oxalate  (CH4N„0)2,  C2UA+H.2O,  is  made  by         \^  n  \  3 

ng  a  concentrated  solution  of  urea  with  oxalic  acid.  LJ  -^i 

The  crystals  form  groups  of  rhombic  tables,  often  of  q  0 

irregular  shape.    It  is  only  slightly  soluble  iu  cold  water,  ^  Jr 

and  still  less  so  in  alcohol  (fig.  309). 

3.  Urea  phosphate  (CH4N2O,  H3PO4),  forms  large,  glanc-  J^ig.  duy. 

ing,  rhombic  crystals,  very  easily  soluble  in  water.  It  is  Perfect  crystals  of  oxalate  of  urea, 
obtained  by  evaporating  the  urine  of  pigs  fed  on  dough. 

4.  Sodic  chloride -t- urea  (CH4N2O,  NaCl -f  HgO)  forms  rhombic,  shining  prisms,  which  are 
sometimes  deposited  in  eva|»orated  human  urine. 

5.  Urea  +  mercuric  nitrate  is  obtained  as  a  white  cheesy  precipitate,  when  mercuric  nitrate 
is  added  to  a  solution  of  urea,  Liebig's  titration  method  for  urea  depends  on  this  reaction 
(§  257,  II.). 

257.  aUALITATIVE  AND  QUANTITATIVE  ESTIMATION  OF  UREA.— 

I.  The  qualitative  Estimation  of  Urea. — (1)  It  may  he  üolaUd  as  suck.  If 
alhumin  be  present,  add  to  the  fluid  three  or  four  times  its  volume  of  alcohol, 
and,  after  several  hours,  filter.  Evaporate  the  filtrate  over  a  water-bath,  and 
dissolve  the  residue  in  a  few  drops  of  water. 

(2)  The  crystals  of  urea  nitrate  may  be  detected  microscopically  (fig.  308). 

II.  Quantitative  Estimation. — (1)  Sodic  hypobromite  decomposes  urea  into 
CO2,  HgO,  and  On  this  reaction  depends  the  Knop-Hüfner  method  of 

quantitative  estimation.  The  N  rises  in  the  form  of  small  bubbles  in  the  mixed 
fluid,  while  the  COg  is  absorbed  by  the  caustic  soda.  [The  reaction  is  the 
following  : — 

N2H4CO  +  SI^aBrO  =  3NaBr  -t-  CO2  +  2H2O  -I-  ^s^2 . 

The  nitrogen  is  collected  and  estimated  in  a  graduated  tube,  and  the  amount  of 
urea  calculated  from  the  volume  of  nitrogen.    The  uric  acid  is  also  decomposed. 
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but  that  can  be  estimated  sejDarately  and  a  correction  made.  We  may  use  the 
apparatus  of  Kussell  and  West,  or  Dupre,  or  that  of  Charteris  (fig.  310).] 

[Ureameter. — Make  a  sohition  of  hypobromite  of  soda  by  mixing  100  grams 
NaHO  in  250  c.c.  of  water,  and  adding  25  c.c.  of  bromine.  It  is  better  to  be 
made  fresh,  as  it  decomjooses  by  keeping.  The  graduated  tube  is  placed  in  a 
cylindrical  vessel,  filled  with  water,  and  depressed  until  the  zero  on  the  tube 
coincides  with  the  level  of  the  water.  Introduce  15  c.c.  of  the 
hypobromite  solution  into  the  pyramidal-shaped  bottle,  while  into 
a  short  test-tube  are  placed  5  c.c.  of  urine.  The  test-tube  with 
the  urine  is  introduced  into  the  bottle  by  means  of  a  pair  of 
forceps  in  such  a  way  that  it  does  not  spill.  Close  the  bottle 
tightly  with  the  caoutchouc  stopper,  through  which  passes  a  glass 
tube  to  connect  it  Avith  the  graduated  burette.  lacline  the  bottle 
so  as  to  allow  the  urine  to  mix  with  the  hypobromite  solution 
when  the  gases  are  given  off,  and  pass  into  the  collecting  tube, 
which  is  gradually  raised  until  the  surfaces  of  the  liquids,  outside 
Time  should  be  allowed  to  permit  the  whole 
apparatus  to  have  the  same  temperature. 
Kead  off  the  amount  of  gas  ^N"  evolved,  for 
the  CO2  is  absorbed  by  the  caustic  soda. 
The  collecting  tube  is  usually  graduated 
beforehand,  so  that  each  division  of  the 
tube  is  =  0*1  per  cent,  of  urea,  or  0*44  gr. 
per  fluid  oz.  Thus,  suppose  that  50  oz.  of 
urine  are  passed  in  twenty-four  hours,  and 
^.  that  5  c.c.  of  urine  evolve  18  measures  of 

f         .  InT,  then  0-44  x  18  x  50  =  396  grs.  of  urea. 

Ureameter  of  Chartens.  however,  the  tube  be  graduated  into 

c.c,  then  30*3  c.c.  of  ]S'  =  0"1  grm.  of  urea  at  the  ordinary  temperature  and 
pressure.] 

III.  Volumetric  Method  {Lichig). — By  means  of  a  (graduated  pipette  (fig.  311),  40  cubic 
centimetres  of  the  urine  are  placed  in  a  beaker  ;  add  20  cubic  centimetres  of  barium  mixture 
to  ])recipitate  the  sulphuric  and  phosphoric  acids.  The  barium  mixture  consists  of  1  vol.  of  a 
cold  saturated  solution  of  barium  nitrate  and  2  vols,  of  a  cold  saturated  solution  of  barium 
hydrate.  Filter  through  a  dry  filter,  and  take  15  cubic  centimetres  of  the  filtrate,  ivhich  corre- 
spond to  10  c.c.  of  urine,  and  place  in  a  beaker.  Allow  a  titrated  standard  solution  of 
mercuric  nitrate  to  drop  from  a  burette  into  the  urine  until  a  precipitate  no  longer  occurs. 
The  mercuric  nitrate  is  made  of  such  a  strength  that  1  cubic  centimetre  of  it  will  combine 
with  10  milligrams  of  urea.  Test  a  drop  of  the  mixture  from  time  to  time  with  a  solution  of 
sodic  carbonate,  which  is  called  the  indicator,  and  placed  in  a  watch-glass  or  piece  of  glass 
blackened  on  its  under  surface.  Whenever  the  slightest  excess  of  mercuiic  nitrate  is  addeil,  the 
mixture  strikes  a  yelloio  colour  with  the  soda.  The  standard  solution  must  be  added  drop  by 
drop  until  this  result  is  obtained.  Read  otf  the  number  of  cubic  centimetres  of  the  standard 
solution  used  ;  as  each  centimetre  corresponds  to  10  milligrams  of  urea,  multiply  by  ten,  and 
the  amount  of  urea  in  10  cubic  centimetres  of  urine  is  obtained. 

This  method  does  not  give  quite  accurate  results  even  in  normal  urine.  To  urine  containing 
much  phosphates  is  added  an  equal  volume  of  the  barium  mixture.  Ver}'  acid  urinps  may 
require  several  volumes  to  be  added.  Urine  containing  albumin  or  blood  must  be  boiled,  after 
the  addition  of  a  few  drops  of  acetic  acid,  to  remove  the  albumin.  The  sodic  cliloride  in  the 
urine  also  interferes  with  the  accuracy  of  the  process,  as,  on  adding  mercuric  nitrate  to  urine, 
mercuric  chloride  and  sodic  nitrate  are  formed,  so  that  the  urea  does  not  combine  until  the 
sodic  chloride  is  decomposed.  When  the  urine  contains,  as  is  usually  the  case,  1  to  IJ  per 
cent.  NaCl,  deduct  2  c.c.  from  the  number  of  c.c.  of  the  S.S.  adiled  to  10  c.c.  of  urine. 

Estimation  of  the  total  N  in  Urine  (Kjeldahl's  Method). — Pflüger  and  Bohland  recommend 
the  following  modification  of  the  method  of  Kjeldahl.  Five  c.c.  of  a  urine  of  medium  con- 
centration are  allowed  to  flow  from  a  buiette  into  Erlenineyer's  flask,  ca])able  of  containing 
about  300  c.c,  and  to  it  are  added  20  c.c.  of  concentrated  sulphuric  acid.  The  whole  is  boiled 
until  all  the  water  and  gases  are  driven  off.  The  fluid  at  first  becomes  black  from  the  action 
of  the  sulphuric  acid,  but  when  it  has  become  of  brownish  tone  lessen  the  heat  of  the  Bausen 
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burner.  About  half  an  hour  suffices  to  heat  it,  wlien  the  fluid  at  last  becomes  bright  yellow. 
Allow  it  to  cool,  dilute  it  with  water  to  200  c.c,  and  place  the  whole  in  a  flask,  add  80  c.c. 
of  caustic  soda  (S.G.  1'3),  cork  the  flask  as  quickly  as  possible,  and  distil  its  contents.  The 
distillate  must  pass  over  into  sulphuric  acid,  which  must  be  titrated  beforehand.  The  quantity 
of  sulphuric  acid  not  combined  with  ammonia  must  be  estimated  by  titration 
with  caustic  soda.  || 

The  N  in  the  Urine  may  be  estimated  approximately  thus.  To  10  c.c.  of  the 
urine  add  from  a  burette  Liebig's  mercuric  nitrate  solution,  and  test  the  mixture 
on  a  black  glass  plate  with  dry  sodic  bicarbonate  until  a  yellow  speck  remains. 
Multiply  the  number  of  c.c.  of  the  burette  fluid  used  by  0-04  {Pfliiger  and  Boll - 
land).  liiil 

258.  URIC  ACID  -  C^H^N^Og  is  the  nitrogenous  substance  which, 
next  to  urea,  carries  oif  most  of  the  ^N"  from  the  body ;  in  twenty-four 
hours  0-5  grm.  (7  to  10  grains) ;  during  hunger,  0*24  grm.  (4  grains) ; 
after  a  strongly  animal  diet,  2*11  grm.  (30  to  35  grains)  are  excreted ; 
[on  a  purely  vegetable  diet  it  amounts  to  0*2  to  0*7  gram.]  The 
proportion  of  urea  to  uric  acid  is  45  :  1. 

If  a  mammal  be  fed  with  uric  acid,  part  of  it  becomes  more  highly 
oxidised  into  urea,  while  the  oxalic  acid  in  the  urine  is  also  increased 
(§  260) ;  in  fowls,  feeding  with  leucin,  giycin,  or  aspartic  acid  {v. 
Knieriem),  or  ammonium  carbonate  (Schroeder),  increases  the  amount 
of  uric  acid.  When  urea  is  administered  to  fowls,  it  is  reduced  chiefly 
to  uric  acid.  The  fresh  splenic  pulp  containing  so  many  decomposi- 
tion products  of  leucocytes  (nuclein,  xanthin-bodies,  p.  169)  (§  169) 
when  treated  with  warm  blood  yields  it  (HorhaczeiosM).  It  is  the 
chief  nitrogenous  product  in  the  urine  of  birds,  reptiles,  and  insects. 
It  is  sometimes,  but  not  always,  absent  from  herbivorous  urine. 

Properties. — It  is  dibasic,  colourless,  and  crystallises  in  various 
forms  (figs.  312  and  313),  belonging  to  the  rhombic  system  (1). 
When  the  angles  are  rounded,  the  whetstone  form  (2)  is  produced,  and 
if  the  long  surfaces  be  flattened,  six-sided  tables  occur.  l^ot  unfre- 
quently  diabetic  urine  deposits  spontaneously  large,  yellow,  transparent 
rosettes  (6,  8).  If  20  c.c.  of  HCl,  or  acetic  acid,  be  added  to  1  litre 
of  urine,  crystals  (9)  are  deposited,  like  cayenne  pepper,  on  the 
surface  and  sides  of  the  glass,  aftei-  severed  hours.  [The  HCl  decom- 
poses the  urates,  and  liberates  the  acid,  which  does  not  crystallise  at 
once,  owing  to  the  presence  of  the  phosphates  in  the  urine.  Crystals 
of  uric  acid  are  usually  yellowish  in  colour  from  the  pigment  of  the  urine  (fig. 
312),  and  they  are  soluble  in  caustic  potash.] 

Solubility. — It  is  tasteless  and  odourless  ;  reddens  litmus  ;  is  soluble  in  15,000  parts  of  cold 
and  in  1900  of  boiling  water,  and  insoluble  in  alcohol  and  ether.  Horbaczewski  prepared  it 
synthetically  by  melting  together  giycin,  or,  as  it  is  also  called,  glycocin,  and  urea. 

[C^HglSrO,  +  3CON0H4  =  CgH^NA  +  STsT  H3  -1-  2H2O] 

Glycocin         Urea  Uric  acid 

It  is  freely  soluble  in  alkaline  carbonates,  borates,  phosphates,  lactates,  and  acetates,  these 
salts  at  the  same  time  removing  a  part  of  the  base  ;  thus  there  are  formed  acid  urates  and  acid 
salts  from  the  neutral  salts.  It  is  soluble  in  concentrated  sulphuric  acid,  from  which  it  may 
be  precipitated  by  the  addition  of  water.  [The  phosphates  play  an  important  part  in  keepiug 
it  in  solution  in  the  urine.] 

Decomposition. — During  dry  distillation  it  decomposes  into  urea,  cyanuric  acid,  hydrocyanic 
acid,  and  ammonium  carbonate.    Superoxide  of  lead  converts  it  into  urea,  allantoin,  oxalic 


Fig.  311. 

Graduated 
Pipette. 


it  is  reduced  by  H  in  statu  nascendi,  as  by  sodium  amalgam,  it  forms  xanthin  and  sarkin.  It 
is  a  less  oxidised  metabolic  product  than  urea,  but  it  is  by  no  means  proved  that  uric  acid  is  a 
precursor  of  urea. 

Occurrence. — -Uric  acid  occurs  dissolved  in  the  urine  in  the  form  of  acid  urates 
of  soda  and  potash.    These  salts  occur  also  in  urinary  calculi,  gravel,  and  in  gouty 
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deposits.    Ammonium  urate  occurs  in  very  small  quantity  m  a  deposit  of  urates, 
but  is  formed  in  considerable  amount  when  urine  becomes  ammoniacal  from  decom- 
position (fig.  317).    Free  uric  acid  occurs  in  normal  urine  only  m  the  very  smallest 
amount.    It  is  sometimes  deposited  after  a  time  (fig.  316).    It  frequently  forms 
urinary  calculi  and  gravel. 

The  urine  of  newly-bora  children  contains  much  uric  acid.  Uric  acid  and  its  salts  are 
increased  after  severe  muscular  exeition,  accompanied  by  perspiration,  m  catarrhal _  ana  rneu- 
matic  fevers,  and  sucli  conditions  as  are  accompanied  by  disturbance  of  the  respirat  on  m 
leukemia  and  tumours  of  the  spleen   cirrhotic  liver,  and  generally  m  cases  ot  catairii  ot  tne 


Fig.  312. 

Forms  of  uric  acid.  1.  Rhombic  plates  ;  2,  whetstone  forms  ;  3  quadrate  forms  ;  4  5,  pro- 
Zigedinto  points;  6,  8,  rosettes;  7,  pointed  bundles;  9,  barrel  forms  precipitated  by 
adding  hydrochloric  acid  to  urine, 
stomach  and  intestinal  tract,  following  the  excessive  use  of  alcohol.  [It  is  certainly  increased 
in  kukt.nL  as  much  as  4  grams  have  l.een  eliminated  in  24  hours.  It  is  also  increased  during 
a.ue  aiTfe'vei,  and  peilmps  this  has  s  .me  relation  to  the  congestion  of  the  spleen  which 
Sufp  ud  s  these  conditions.]  It  is  diminished  after  copious  draughts  of  water,  after  large 
Sres  of  quinine,  catfein,  potassic  iodide,  common  salt,  sodic  and  Iithic  carbonates,  sodic  sul- 
nhate  hihSu  of  0,  slight  muscular  exertion.  In  gout,  the  amount  excreted  in  the  unne 
lÄll  In  chronic  tumours  of  the  spleen,  anemia,  and  chlorosis,  when  the  respiration  is  not 
at  the  same  time  embarrassed,  it  is  also  diminished      _  „ 

FThe  quantity  of  uric  acid  excreted  is  greatest  durmg  the  "alkaline  tide.  _  by  the  use  ot 
acids  the  uric  add  is  relatively  diminished.  Suppose  the  normal  ratio  of  nric  acid  to  urea  to  be 
T  sV  then  after  the  use  of  aads  (4  grams  of  citric  acid  three  times  dai  y),  the  proportion  will 
be  about  1  41  If  alkalies  be  takeii;  (3  grams  citrate  of  potash  three  times  daily)  the  reverse 
is  the  case,  the  ratio  becomes  about  1  :  28  (Eaig).] 

Urates.— Uric  acid  forms  salts-chiefly  acid  urates— with  several  bases  which 
dissolve  with  difficulty  in  cold  water,  but  are  easily  soluble  in  warm  water.  ^  eutrai 
urates  are  changed  by  CO.,  into  acid  salts.  [The  urates  are  insoluble  substances 
and  are  readily  precipitated,  but  this  occurs  more  readily  during  the  acicL  tor- 
mation  of  urine,  because  the  acid  urate  of  sodium  is  then  formed,  and  it  is  more 
insoluble  than  the  normal  urate 


Normal  sodium  umte  Acil  sodium  urate     Sodium  carbonate. 


iNOlIIiai  OUUIUUI  

Hydrochloric  and  acetic  acids  break  up  the  compounds,  and  crystals  of  uric  acid 
separate.    [According  to  W.  Roberts  uric  acid  is  perhaps  a  vestigial  remnant  m 
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mammalian  descent.  Besides  the  acid  and  normal  urates  Roberts  describes  what 
he  calls  quadrurates,  and  he  regards  them  as  the  exclusive  combination  in  which 
uric  acid  exists  m  solution  in  normal  urine.  The  appearance  of  a  deposit  of 
urates  m  urme  when  it  coqIs  does  not  necessarily  mean  that  there  is  an  increased 
formation  of  urates,  for  urates  may  be  deposited  in  concentrated  urine  when  it 
cools. J 

[One  of  the  atoms  of  H  is  easily  replaced  by  metals.    If  uric  acid  be  dissolved  in  sodic  carbon- 
ate we  obtain  C5H3NaN403  which  is  an  acid  urate.    If,  however,  it  be  dissolved  in  an  alkali  e  a 
canstic_  soda  we  get  CgH2Na,N403whereby  a  second  atom  of  H  is  replaced  by  an  alkaline  metal' 
producing  -neutral  or  normal  urate."    It  is  not  known  if  the  latter  action  occurs  in  the 

(1)  Acid  sodic  urate  usually  appears  as  a  brick-red  deposit  in  urine  ;  more  rarely  orey  or 
white  (lateritious  deposit),  tinged  with  uroerythrin,  in  catarrhal  conditions  of  the  digestive 
organs  and  m  rheumatic  and  febrile  affections.  Microscopically,  it  is  completely  amoi^phous 
consisting  of  graniiles,  sometimes  disposed  in  groups  (%  316,  6)-sometimes  the  granules  have 
spines  on  them.  The  corresponding  potash  salt  occurs  not  unfrequently  under  the  same  con- 
ditions, and  presents  the  sanle  characters. 

eitwtii?  m"'^'''''"'/''^^/^^-  ^^^'^}  ^  sediment  in  ammoniacal  urine, 

ft  i.TJ  !i  ^'  nV^^'n  ^''''^^'i!^o^  ""''^  T'^'  accompanied  by  triple  phosphate.  Microscopically 
tnf}}    TfV'  ^  h       ""li      are  distinguished  by  the  sediment  dissolving  tohen  the  urine  is 

«  of'ui1c':?if se'pS^^""  ^''^  ^  ^^'-'^^'^''^^ 

(3)  Acid  calcic  urate  occurs  sometimes  in  calculi,  and  is  a  white,  amorphous  powder  sli-htly 
soluble  m  water.  When  heated  on  platinum  it  leaves  an  ash  of  calcium  carbonate.  Magnesium 
urate  rarely  occurs  in  urinary  calculi.  ° 

def41'r?wi-''''^1  of  common  occurrence  in  urine,  e.g.,  after  excessive  muscular  exercise, 
t\n^  ^  digestion,  &c  They  exist  in  urine  chiefly  as  normal  sodium  urate,  but  they  are 
deposited  chiefly  as  acid  urates  when  the  urine  cools.    The  deposit  is  often  pink  coloured  and 

Wpi  Vh™7? ^."l/*  '^'^  'r'V^  ^  ''y^^^'-  It  ^-edissolves  when  the  urine  is 
heated.    The  following  table  gives  the  chief  facts  relative  to  the  urates  {Hälfe)-- 


Urates. 

Formulfe. 

Solubility  in 
water. 

Deposited  as 

Acid  ammonium  urate, 

Normal  sodium 
Acid  ,, 
Normal  potassium  ,, 
Acid         ,,  ,, 
Normal  calcium  ,, 
Acid 

Acid  lithium  ,, 

CsHsNA-CNHJ 

CgH^N^Og.Na, 

C5H3N403.Na 

CgH.NA.K, 

CgH3N,03.K 

C5HoN403.Ca 

(C5H3N,03).3.Ca 

CgHgN^Og.Li 

1  in  1600 

1  in  77 
1  in  1200 
1  in  44 
1  in  800 
1  in  1500 
1  in  600 
1  in  60 

Amorphous  or  spiked  globular 

masses. 
Nodular  masses. 
Amorphous,  rarely  crystalline. 
Amorphous,  or  in  fine  needles. 

Fine  granules. 

Amorphous,  or  in  fine  needles. 
"             >'  jj 

01  iXa  wat?r  in  P^^^  of  lithium  and  potassium  urates  has  led  to  the  administration  of  potash 
01  lithia  water  in  cases  of  uric  acid  diathesis.]  ^ 

[Formation  Of  Uric  Acid.-It  exists  in  the  blood,  and  does  not  seem  to  be 
formed  m  the  kidneys.  In  gout,  when  there  is  a  diminished  excretion  of  uric  acid 
It  accumulates  m  the  blood  and  tissues.  After  extirpation  of  the  kidneys  in  birds 
and  snakes  it  accumulates  in  the  blood  and  organs.  The  seat  of  its  formation  in 
mammals  has  not  been  ascertained  experimentally.  In  birds,  however  it  seems 
to  be  formed  in  the  liver.  Birds  have  a  vascular  system  in  their  kidneys  similar 
to  the  portal  vein.  A  vena  advehens  carries  the  blood  from  the  caudal  and  iliac 
veins  and  veins  coming  from  the  pelvic  viscera  to  the  kidneys,  and  the  vena 
advehens  communicates  with  the  portal  vein  by  means  of  Jacobson's  vein. 
Minkowski  tied_  the  portal  vein  in  geese,  thus  excluding  the  liver,  but  the  blood 
Irom  the  abdominal  organs  still  passed  through  the  kidneys  to  the  inferior  vena 
cava.  The_  animals  hved  from  6-20  hours.  He  found  that  the  total  nitrogen 
eliminated  m  the  urme  is  not  greatly  diminished  (reduced  about  one-half  ot  lets), 
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but  the  proportion  of  uric  acid  to  the  total  nitrogen  was  greatly  diminished. 
J^ormally,  in  geese  60-70  per  cent,  of  the  total  nitrogen  in  the  urine  is  eliminated 
as  uric  acid,  but  after  exclusion  of  the  liver  it  amounts  only  to  3-6  per  cent., 
while  the  ammonia  is  enormously  increased.  The  normal  9-18  per  cent,  of 
ammonia  is  increased  to  50-60  per  cent.  It  would  seem  as  if  ammonia  is  a 
normal  antecedent  of  uric  acid,  and  that  the  synthesis  perhaps  takes  place  in  the 
liver.  Another  noteworthy  fact  observed  was  the  simultaneous  great  increase  of 
lactic  acid  in  the  urine  (p.  492).] 

259.  ESTIMATION  OF  URIC  ACID.— I.  aualitative.  —  1.  Microscopic  Char- 
acters.—The  appearances  presented  by  uric  acid  and  its  salts  under  the  micro- 
scope are  shown  in  fig.  313.  It  is  deposited  from  urine  after  several  hours,  on 
adding  acetic  or  hydrochloric  acid. 

2.  Murexide  Test. — Gently  heat  a  urate  or  uric  acid  in  a  porcelain  vessel  along 
with  nitric  acid.    Decomposition  takes  place  and  the  colour  changes  to  yellow, 
and  CO2  are  given  off ;  urea  and  alloxan  (C^H^K^O^)  remain. 


Evaporate  slowly  and  allow  the  yellowish-red  stain  to  cool ;  on  adding  a  drop  of 
dilute  ammonia  a  purplüh-red  colour  of  murexide  (which  contains  furfurate  of 
ammonia,  alloxantin-amid)  is  obtained,  it  becomes  blue  on  the  addition  of  caustic 
potash.  If  potash  or  soda  be  added  instead  of  ammonia,  a  violet  colour  is 
obtained,  which  disappears  on  heating. 

3.  ScHff's  Test.— Dissolve  uric  acid  or  a  lu-ate  in  a  sohition  of  an  alkaline  carbonate,  and  drop 
it  upon  blotting-paper  saturated  with  a  solution  of  silver  nitrate  ;  reduction  of  the  silver  takes 
place  at  once,  and  a  black  spot  is  formed.  .  ^  ^  ^       ,      , '  .         ,  ,n 

4.  On  boiling  a  solution  of  uric  acid  or  a  urate  in  an  alkali,  with  Fehhngs  solution  149, 
2),  at  first  white  urate  of  the  suboxide  of  copper  is  deposited,  while  later,  red  copper  suboxide  is 

II.  Quantitative  Estimation.— Add  5  cubic  centimetres  of  concentrated  HCl  to  100  c.c.  of 
urine,  and  allow  it  to  stand  for  forty-eight  hours  in  the  dark,  when  the  uric  acid  is  precipitated 
like  tine  cayenne  pepper  crystals.  All  the  uric  acid  is  not  precipitated  by  the  HCl,  even  after 
standing  for  a  time.  [E.  A.  Cook  uses  sulphate  of  zinc  to  precipitate  the  uric  acid  as  urate  of 
zinc.  Caustic  soda  is  added  to  precipitate  the  phosphates,  and  then  to  the  clear  fluid  zinc  sul- 
phate solution,  which  precipitates  urate  of  zinc  as  a  white  gelatinous  deposit.] 

Tokker-Salkowski  Method.— Make  200  c.c.  of  urine  strongly  alkaline  with  sodic  carbonate, 
and  after  an  hour  add  200  c.c.  of  a  concentrated  solution  of  ammonium  chloride,  whereby  acid 
urate  of  ammonium  is  precipitated.  After  forty-eight  hours  filter  through  a  small  weighed 
tilter,  and  wash  it  several  times.  Fill  the  filter  with  dilute  HCl  and  collect  the  filtrate.  Do 
this  until  all  the  acid  urate  is  dissolved.  From  the  total  filtrate  after  a  time  all  the  uric  acid 
separates.  It  is  collected  on  the  same  filter,  washed  with  water  and  alcohol  until  the  acid 
reaction  disappears,  dried  at  100°  C,  and  weighed.  To  the  weight  in  excess  of  the  filter  add 
0-030  grm. 

[Haycraft's  method  depends  on  the  fact,  that  uric  acid  forms  a  compound  with  silver— urate 
of  silver— which  is  very  insoluble  in  water.  The  solutions  required  are  :— 1.  Centmormal 
amnionic  sulphocyanate,  made  by  dissolving  8  grms.  of  crystals  in  1  litre  of  water,  and  adjust 
to  decinormal  silver  solution.  Dilute  with  9  vols,  of  water,  1  c.c.  =0-00168  uric  acid.  2. 
Saturated  solution  of  iron-alum  (the  indicator).  3.  Pure  HNO3  (20  to  30  per  cent.).  4. 
Strong  ammonia.  Ammoniacal  silver  solution  made  by  dissolving  5  grms.  AgNOg  m  100  c.c. 
water,  and  add  NH4HO  until  the  solution  becomes  clear.  Process. —Place  25  c.c.  of  urine  m 
a  beaker,  and  add  1  grm.  sodic  bicarbonate  ;  then  add  2  to  3  c.c.  of  ammonia  to  precipitate 
ammonio-magnesic  phosphate.  Add  1  to  2  c.c.  of  ammoniacal  silver  solution,  which  precipi- 
tates silver  urate  in  a  white  gelatinous  form.  The  precipitate  is  then  thoroughly  washed  on  an 
asbestos  filter,  and  then  dissolved  from  this  by  nitric  acid,  after  which  the  silver  is  estimated 
(Volhard's  method).  In  doing  so,  add  a  few  drops  of  the  indicator,  and  drop  in  the  centmormal 
solution  of  ammonic  sulphocyanate.  A  white  precipitate  with  a  transient  reddish  coloration 
will  be  formed ;  as  soon  as  the  red  colour  is  permanent  the  process  is  at  an  end.  The  uric 
acid  present  is  ascertained  by  multiplying  the  number  of  cubic  centimetres  of  the  sulphocyanate 
used  by  0-00168. 

260.  KREATININ  AND  OTHER  SUBSTANCES.— Kreatinin  C^H^NgO,  is 
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derived  from  the  Jreatin  of  muscle  by  the  removal  of  a  molecule  of  water,  and 
partly  from  flesh  food.  The  quantity  excreted  daily  is  0-6  to  1-3  o-ram  8  to 
18  grams).  ^  ^ 

[Source.-It  is  generally  considered  that  it  is  formed  from  the  kreatin  of  muscle     If  kreatin 
be  given  to  anunals  by  the  mouth  it  reappears  in  the  urine  as  kreatinin,  lu't  if  irb  iniected  h  o 

Z  S:^:^XcLnK^;:5^"'  '''' '^'"^^^  ^^^.r'^iC 

o.lLlLr'^^''^^^^^  progressive  muscular  atrophy,  tetanus,  anaemia,  marasmus  chloi-osis 
^Zü^ZnJo^^:^^.^'  inflammation  of  the  lung;  it  is  ai^S 

Properties. -Kreatinin  is  alkaline,  easily  soluble  in  Avater  and  hot  alcohol.    It  forms  colour 

Tests.-Kreatinin-zinc  chloride  (fig.  313)  is  used  to  detect  its  presence.    Weyl's  Test  - 

t^trZ:utZA^r:;!ie''''  -'^^'^-^       -^'-P-^^^  «f^odrand 

dacing  a  Burgundy-red  colour,  which  ^ 
soon  disappears.  When  heated  with  '  " 
glacial  acetic  acid,  the  colour  changes 
to  green,  which  after  a  time  changes 
to  blue  {Salkoivski).  Aceton  gives  a 
similar  reaction,  but  in  this  case  the 
red  colour  is  darker,  and  more  of  a 
l)urple  shade.  Aceton  can  be  expelled 
by  boiling  tlie  urine  ;  so  that  it  is 
better  to  boil  the  urine  beforeliand,  if 
aceton  be  suspected.  [The  blue  colour 
—Berlin  blue— is  due  to  the  formation 
of  an  iron-salt,  ferrocyanide  of  sodium, 
from  the  decomposition  of  the  nitro - 
prusside.  The  reaction  also  succeeds 
with  formic  acid— instead  of  glacial 
acetic  acid— if  some  time  be  allowed 
to  elapse  after  Weyl's  reaction.] 

Xanthin  =  C5H^N^02  occurs  only  to 
the  amount  of  1  gram  in  300  kilos, 
of  urine.  ^  It  is  a  substance  inter- 
mediate between  sarkin  and  uric  acid. 
Guanin  and  hypoxanthin  may  l)e 
changed  into  xanthin  ;  in  contact  with 
water  and  ferments  it  passes  into  uric 
acid.    When  evaporated  with  nitric 

acid  it  gives  a  yellow  stain,  which  becomes  yellowish-red  on  adding  potash,  and  violet-red  on 
7^^MT"  V'  ^^f.'^^^^^-phous,  yellowish-white  powdei-  fairly  soluble  i  boiling 

.1        ^  "V*."''"'  b'-^i"'  «l'le«"'  pancreas,  and  thymus! 

rriethvwi^'^  n         P^^^^tl^  f   (dimethylxanthin)  and  the  am'oiphous  heteroxaSn 
(methylxanthin)  occur  in  traces  m  the  urine  {Saluvion). 

leut^mTc  mtfe?trr7Äf  f^^""^         ^1        ''''''''''''  ^^^"^^  ^"1^     the  urine  of 

leuksemic  patients  {JaJmhasch),  and  it  has  been  prepared  in  the  form  of  needles  or  flattened 
scales  from  muscle,  spleen,  thymus,  brain,  bone,  live'r,  and  kidney.  In  ZZTml^^ThX 
neady  related  to,  and  possibly  identical  with,  hypoxanthin  occurs  (i  SalkoZ  ^  Hypox'mt^^^^ 
Ä  Jnd'",lr  \'  ^^^""8-ecl  into  it  by  oxidation.    Nascent  hydrogn,  on  the 

'  ve  r  äit  vXw 'i'.f  t^^^'^tdnn  and  hypoxanthin.  When  evaporated  with  nitric  acid  it 
gives  a  ligiit  yellow  stain  which  becomes  deeper,  but  not  reddish-yellow,  on  addino- caustic 
soda^  It  IS  more  easily  soluble  in  water  than  xLithin,  and  by  this  means  he  two  substanc  s 
can  be  separated  from  each  other.    Guanin  is  insoluble  in  water.  suDstances 

A-.^Z^T  ''^^^l^^  ^^.t^'"  ^""''^^  bodies-uric  acid,  xanthin,  and  hypoxanthin  The 

ditterence  is  m  the  proportion  of  oxygen  :—  jlu^auLuni.  xne 

Uric  acid,  . 
Xanthin,  . 
Hypoxanthin, 


Fig.  313. 

Kreatinin-zinc  chloride,    a,  balls  with  radiating  marks  ; 
h,  crystallised  from  water  ;  c,  from  alcohol. 


CsH^N.O, 


•       .       .  C.H^N.o: 

Srnflrf«-n%CH  ^t'f"?       2^ V'^'^*^^^^  g^^^P'         -^-1^        -ot  occur  in 

Sam  all  thet^^^^^^^  f"'^  f ''f '  the  latter  a  polymer  of  hydrocyanic  acid, 

i-erliaps  all  these  four  bodies  belong  to  the  antecedents  of  urea  or  uric  acid  {Buvge).] 
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Oxaluric  acid  (C3H4N„04)  is  an  oxidation  product  of  uric  acid,  and  occurs  m  very  small 
Quantity  combined  with  ammonia  in  nrine.  Physiologically,  it  is  interesting  on  acconiit  of  its 
relation  to  uric  acid.  It  is  a  white  powder  slightly  soluble  in  water.  Ammonium  oxalurate  can 
be  prepared  from  uric  acid. 

Oxalic  Acid  (GgH^O^)  occurs,  but  not  constantly,  to  the  amount  of  20  miUigrams 
daily,  [but  never  as  free  oxaHc  acid].  It  is  united  with  calcium  and  held  in 
solution  by  the  acid  phosphate  of  soda.  Sometimes  it  forms  a  deposit  of  oxalate 
of  lime,  which  is  known  by  the  "envelope"  shape  of  the  crystals  (fig.  314); 

insoluble  in  acetic  acid,  and  forming  transparent  octa- 
hedra.  More  rarely  it  assimies  a  biscuit  or  sand-glass 
form.  The  genetic  relation  of  oxalic  acid  to  inic  acid 
is  shown  by  the  fact,  that  dogs  fed  with  uric  acid 
excrete  much  oxalate  of  lime.  Oxalic  acid  may  also  be 
produced  by  the  oxidation  of  products  derived  from  the 
fatty  acid  series  (p.  474). 

Oxaluria.— The  eating  of  substances  containing  oxalate  of  lime 
(rhubarb)  increases  the  excretion.    Increased  excretion  is  called 
Fig-  314.  oxaluria  ;  it  is  regarded  as  a  sign  of  retarded  metabolism  {BeneJce), 

Oxalate  of  lime,  a,  h,  octa-  and  it  may  give  rise  to  the  formation  of  a  calculus.  In  oxaluria 
hedra;  c,  compound  forms;  the  uric  acid  is  also  often  increased  in  amount.  Perhaps,  in  the 
d,  dumb-bells.  first  instance,  there  is  an  increased  formation  of  uric  acid,  from 

which  oxalic  acid,  urea,  and  CO2  may  be  formed.    The  amount 
of  oxalic  acid  is  increased  after  the  use  of  wine  and  sodic  bicarbonate. 

Hippuric  Acid  =  C^IIgNOg  (Benzoylamidoacetic  acid,  p.  477)  occurs  in  large 
amount  in  the  urine  of  herbivora,  and  in  them  is  the  chief  end-product  of  the 
metabolism  of  certain  nitrogenous  substances ;  in  hiunan  urine  the  daily  quantity- 
is  small,  0-3  to  3-8  grms.  (5  to  50  grains).  It  is  an  odourless  monobasic  acid  with 
a  bitter  taste,  crystaUising  in  colourless  four-sided  prisms  (fig.  315).  [It  exists  in 
urine  as  hippurates  of  the  alkalies.]  Keadily  soluble  in  alcohol,  and  soluble  in 
600  parts  of  water.    Its  presence  in  urine  is  a  matter  of  diet. 

[Crystals  of  hippuric  acid  when  heated  in  a  test-tube  are  decomposed,  and  a  sublimate  of 
benzoic  acid  and  ammonic  benzoate  condenses  on  the  upper  cool  part  of  the  tube,  while  there  is 
an  odour  of  new  hay,  and  oily  drops  remain  in  the  tube.] 

It  is  a  conjugated  acid,  and  is  formed  in  the  body  from  benzoic  acid,  or  some 
nearly  related  chemical  body,  such  as  the  cuticular  substance  of  plants,  or  froni  oil 
of  bitter  almonds,  cinnamic  or  quinic  acid,  which  easily  pass  by  reduction  (quinic 
acid)  or  by  oxidation  (cinnamic  acid)  into  benzoic  acid.  It  may  be  formed  by  the 
union  with  hydration  of  benzoic  acid  with  glycin : — 

C.HgO^  +C2H5N02=  C.H^KOg  -l-H^O 

Benzoic  acid    -\-     Glycin        =    Hiijpuric  acid    -|-  Water. 

[If  hippuric  acid  be  boiled  with  alkahes  or  strong  mineral  acid,  it  splits  up  with 
hydration  into  benzoic  acid  and  glycocoll  or  glycin, 

Hippuric  acid 

C„H,  -  GOCH  4.  H  -  N<c^^  _  cooH 

Benzoic  acid  Glycocoll.] 

[Formation  of  Hippuric  Acid. — When  benzoic  acid  is  introduced  into  the 
ahmentary  canal  of  an  animal  (rabbit  or  dog),  it  appears  in  the  urine  as  hippuric 
acid,  so  that  somewhere  in  the  body  benzoic  acid  meets  with  and  combines  with 
glycin.  Nitro-benzoic  acid  appears  as  nitro-hippuric  acid.  As  the  benzoic  acid 
passes  through  the  body,  it  becomes  conjugated  with  glycin  or  glycocoll,  chiefly  in 
the  kidneys.  The  hippuric  acid  in  the  urine  of  herbivora  is  chiefly  derived  from 
some  substance  with  a  benzoic  acid  residue— the  aromatic  combinations— present 
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Fig.  315. 
Hippuric  Acid. 


in  the  cuticular  coverings  of  the  food.  That  liippnric  acid,  in  part  at  least,  is 
formed  in  the  kidneys,  i.e.,  by  the  cells  of  the  renal  tubules,  is  shown  by  the 
following  considerations  : — If  arterialised  blood,  containing  benzoic  acid  and  giycin, 
or  even  benzoic  acid  alone,  be  passed  through  the  blood-vessels  of  a  fresh,  living, 
excised  kidney,  a  so-called  "surviving  kidney,"  hippuric  acid  is  found  in  the  blood 
after  it  is  perfused.  Even  after  forty-eight  hours,  if  the  kidney  be  kept  cool, 
the  synthesis  takes  place.  The  kidney  in 
this  case  also  must  not  be  dead,  but  a 
^'surviving"  one.  If  the  kidney  be  kept 
too  long,  the  conjugation  does  not  take 
place.  If  the  fresh  surviving  kidney  be 
chopped  up,  and  kept  at  the  temperature 
of  the  body  with  benzoic  acid  and  glyco- 
€oll,  hippuric  acid  is  formed.  Oxygen 
seems  to  be  necessary  for  the  process,  for, 
if  blood  or  serum  containing  carbonic  oxide 
be  used,  there  is  no  formation  of  hippuric 
acid.] 

[If  the  liver  be  excised  in  frogs,  and 
benzoic  acid,  or  better,  benzoic  acid  and 
glycocoll,  be  injected  into  the  dorsal  lymph-sac,  hippuric  acid  is  found  in  the  tissues 
and  secretions.  Thus  the  liver  is  not  the  locality,  or  exclusive  locality,  in  the 
frog,  where  the  synthesis  occurs.  But  in  the  frog,  it  may  be  formed  after  extir- 
pation of  the  kidneys.  It  is  only  in  the  dog  that  its  exclusive  formation  in  the 
kidney  has  been  proved  (Bunge  and  Sclimiedeberg).'] 

[There  is  one  difficulty  about  the  matter,  viz.,  that  giycin,  as  such,  has  not  been 
found  in  the  tissues.  It  is  probable,  however,  that  it  is  formed  in  various  meta- 
bolic processes,  and  is  as  rapidly  combined  with  some  other  body.  It  may  be 
formed  in  this  way  in  the  kidney,  and  immediately  combine  with  l^enzoic  acid  to 
form  hippuric  acid.] 

According  to  this  view,  it  is  derived  cliiefly  from  the  food  of  herbivorous  auinmls,  and  lience 
it  is  absent  from  the  urine  of  sucking  calves,  as  well  as  after  feeding  with  grain  devoid  of 
husk.  But  it  is  also  formed  in  the  body  from  the  proteids.  In  the  dog,  the  formation  of 
hippuric  acid  occurs  in  the  kidney  {Schmiecleherg  and  Bunge),  and  in  the  frog  also  outside  the 
kidney.  Kühne  and  Hallwachs  thought  it  was  formed  in  the  liver,  and  Jaarsveld  and  Stockvis 
in  the  kidney,  liver,  and  intestine.  The  observation  of  Salomon  that,  after  excision  of  the 
kidneys  in  rabbits,  and  injection  of  benzoic  acid  into  the  blood,  hippuric  acid  was  found  in 
the  nuiscles,  blood,  and  liver,  goes  to  show  that  it  must  be  formed  in  other  organs  beside 
the  kidneys.  The  power  of  changing  benzoic  acid  introduced  into  the  human  body  into 
hippuric  acid  may  even  be  abolished  in  disease  of  the  kidney.  Under  certain  circumstances 
it  seems  that  hippuric  acid,  already  formed,  may  be  again  decomposed  in  the  tissues. 

It  is  greatly  increased  after  eating  pears,  plums,  and  cranberries  ;  in  icterus,  some  liver 
affections,  and"  in  diabetes. 

Preparation. — Add  milk  of  lime  to  i\\G  fresh  urine  of  horses  or  cows  to  form  calcic  hippnrate. 
Filter,  evaporate  the  filtrate  to  a  small  bulk,  and  precipitate  the  hippuric  acid  with  excess  of 
hydrochloric  acid.  To  purify  the  hippuric  acid,  crystallise  it  several  times  from  a  hot  watery 
solution. 

Cynuric  Acid  CooHijN'^Oe  4- HoO  occurs  in  the  urine  of  dogs  {J.  v.  Liebig). 

Allantoin,  C^H^N^Oy,  which  occurs  in  the  amniotic  fluid  of  the  cow,  is  found  in 
minute  traces  in  normal  urine  after  flesh  food,  and  is  more  abundant  during  the 
first  weeks  of  life  and  during  pregnancy.  [It  to  a  large  extent  replaces  urea  in 
the  urine  of  the  foetus.] 

After  large  doses  of  tannic  acid  the  amount  is  increased  (ScJiottui),  while,  in  dogs,  feeding 
with  uric  acid  also  increases  it  {Salkowski). 

Properties. — It  forms  shining,  prismatic  crystals  ;  from  the  urine  of  sucking  calves  it 
crystallises  in  transparent  prisms.  It  is  decomposed  by  ferments  into  urea,  ammonium  oxalate, 
and  carbonate,  and  another  as  yet  unknown  body.    Preparation — (a)  the  urine  is  precipitated 
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with  basic  lead  acetate,  the  lead  in  the  filtrate  is  removed  by  sulphuretted  hydrogen,  and  the 
filtrate  itself  is  then  evaporated  to  a  syrup,  from  which  the  crystals  separate,  after  standing 
for  several  days.  They  are  then  washed  with  water,  and  recrystallised  from  the  water 
{Salkowski). 

261.  COLOUEING-MATTERS  OF  THE  URINE.— 1.  Urobüin  is  most 
abundant  in  the  highly-coloured  urine  of  fevers,  but  it  also  occurs  in  normal  urine 
(Jaffe).  It  is  identical  with  the  hydrobilirubin  of  Maly  (§  177,  3,  g).  It  is  a  de- 
rivative of  hsematin,  which  also  yields  the  hile-pigments  (§177).  It  gives  d^red,  or 
reddish-yellow,  colour  to  urine,  which  becomes  yellow  on  the  addition  of  ammonia. 
[What  is  called  normal  bilirubin  seems  to  be  the  principal  colouring-matter  in  urine.] 

[MacMunn,  chiefly  from  spectroscopic  observations,  finds  that  two  entirely  different  substances 
have  been  included  under  the  name  of  "-urobilin,"  viz.,  that  of  normal  and  thatof  pathological 
urine,  and  that  hydrobilirubin  is  not  identical  with  either.  The  pathological  urobilin  seems  to 
be  closely  connected  with  stercobilin  (§  185).] 

Preparation. — Prepare  a  chloroform  extract  of  nrine  containing  urobilin — add  iodine  to  the 
extract,  and  remove  the  iodine  by  shaking  the  mixture  with  dilute  caustic  potash,  which  forms 
potassic  iodide.  This  potash  solution  becomes  yellow  or  brownish-yellow,  and  exhibits  beauti- 
ful green  fluorescence  {Gerhardt). 

Urobilin  may  be  extracted  from  many  urines  by  ether  {SalTcowsM).  When  subjected  to  the 
action  of  reducing  agents,  e.g.,  sodium  amalgam,  a  colourless  product  is  obtained,  which  on 
exposure  to  the  air  absorbs  0,  and  becomes  retransformed  into  urobilin.  This  colourless  body 
is  identical  with  the  chromogen  which  Jatfe  found  in  urine. 

If  urine  is  treated  with  soda  or  potash,  the  characteristic  absorption -band  lying  between  h 
and  F.  passes  nearer  to  b,  becomes  darker  and  more  sharply  defined.  According  to  Hoppe-Seyler, 
urobilin  is  formed  in  urine  after  it  is  voided,  from  another  urobilin-forming  body  (Jafte's 
chromogen)  absorbing  oxygen.  If  urine  containing  urobilin  be  made  alkaline  with  ammonia, 
and  zinc  chloride  be  added,  it  exhibits  m^ixkeA  fluorescence  ;  it  has  a  green  shimmer  by  reflected 
light.  When  urobilin  is  isolated,  it  fluoresces  without  the  addition  of  zinc  chloride.  In  cases 
of  jaundice  (§  180),  where  Gmelin's  test  sometimes  fails  to  reveal  the  presence  of  bile-pigments, 
urobilin  occurs.  This  "  urobilin-icterus "  {Gerhardt)  occurs  chiefly  after  the  absorption  of 
large  extravasations  of  blood.  According  to  Cazeneuve,  the  urobilin  is  increased  in  all  diseases 
where  there  is  increased  disintegration  of  coloured  blood-corpuscles. 

2.  Urochrome  was  regarded  {Thudiclium)  as  the  chief  colouring-matter  of  urine.  It  may  be 
isolated  in  the  form  of  yellow  scales,  soluble  in  water,  and  in  dilute  acids  and  alkalies.  [It  is 
possibly  impure  urobilin.]  The  watery  solution  oxidises,  and  when  exposed  to  air  becomes  red 
owing  to  the  formation  of  uroerythrin.  When  acted  on  by  acids,  new  decomposition-products 
are  formed,  e.g.,  uromelanin.    Uroerythrin  gives  the  red  colour  to  deposits  of  urates  (§  258). 

3.  A  brown  pigment  containing  iron  is  Ciirried  down  with  uric  acid,  which  is  precipitated  on 
the  addition  of  hydrochloric  acid  (§  258).  By  repeatedly  adding  sodic  urate  to  the  urine, 
and  precipitating  the  uric  acid  by  hydrochloric  acid,  a  considerable  amount  may  be  obtained 
{Kimkel). 

4.  Urine  boiled  with  HCl  yields  a  garnet-red  crystalline  pigment,  urorubin,  to  ether. 

In  cases  of  melanotic  tumours,  there  has  been  occasionall}'  observed  urine,  which  becomes 
dark,  owing  to  melanin  (§  250,  4),  or  to  a  colouring-matter  containing  iron  {Kunkel). 

262.  INDIGO,  PHENOL,  KRESOL,  PYROKATECHIN,  AND  SKATOL 
FORMING  SUBSTANCES.— 1.  Indican.  [CgH^NSOJ,  or  indigo-forming  sub- 
stance (Sc/mjick),  is  derived  from  indol,  CgH^]^,  the  basis  of  indigo,  which  is 
formed  in  the  intestine  by  the  pancreatic  digestion  of  proteids  (§  17Ü,  II.),  but  it 
also  arises  as  a  putrefactive  product  (§  184,  III.).  Indol,  when  united  with  the 
radical  of  sulphuric  acid,  HSOg,  and  combined  with  potassium,  forms  the  so-called 
indigogen  or  indican  of  urine  {Brieger,  Baumann).  This  substance  (CgH6KS04K 
=  potassium  indoxyl-sulphate)  forms  white  glancing  tablets  and  plates ;  readily 
soluble  in  water  and  less  so  in  alcohol.  Ey  oxidation  it  forms  indigo-blue; 
2  indican  -I-  O2  =  Ci6H3Q]Sr20.2  (indigo-blue)  -f  2HKSO4  (acid  potassic  sulphate).  It 
is  more  abundant  in  the  urine  in  the  tropics,  and  it  is  absent  from  the  urine  of 
the  newly-born  {Senator).  [The  indigo  in  the  animal  body  is  derived  from  indol, 
the  basis  of  the  indigo  group.  Indol  is  formed  in  the  intestine  by  the  bacterial 
putrefaction  of  proteids,  and  when  absorbed  it  is  oxidised  into  indoxyl — 

CgH^X  +  O  =  C8H6(OH)  ^s^ 

Indol  Indoxyl 
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Tests. — (1)  Add  to  40  drops  of  iiriue,  3  to  4  c.c.  of  strong  fuming  hydrochloric  acid,  and  2 
to  3  drops  of  nitric  acid.  Boil,  a  violet-red  colour  (with  the  deposition  of  true  crystalline 
indigo-hlae  (rhombic)  and  indigo-red  attests  its  presence.  Putrefaction  causes  a  similar  decom- 
position in  indican  ;  hence,  Ave  not  unfrequently  observe  a  bluish-red  pellicle  of  microscopic 
crystals  of  indigo-blue,  or  even  a  precipitate  of  the  same.  (2)  Mix  in  a  beaker  equal  quantities 
of  urine  and  hydrochloric  acid,  and  add  two  drops  of  solution  of  chloride  of  lime  ;  the  mixture 
at  first  becomes  clear,  then  blue  {Jaffe).  Add  chloroform,  and  shake  the  mixture  vigorously 
for  some  time  ;  the  chloroform  dissolves  the  blue  colouring-matter,  which  is  obtained  as  a 
deposit,  when  the  chloroform  evaporates  {Senator,  Salkoioslci)  [What  happens  in  this  case  is 
that  the  indigo  exists  in  urine  as  a  colourless  combination — indoxyl-sulphate  of  potash,  the 
conjugated  sulphuric  acid  is  split  up,  and  the  indoxyl  is  oxidised  into  indigo — 

2C8H6NKSO4  +  O0  =  CifiHioNA  +  2HKS04 
Indoxyl  sulphate  of  potash      Indigo  hkie 

(3)  Heat  to  70°  one  part  of  urine  with  two  parts  of  nitric  acid,  and  shake  up  with  chloroform ; 
the  chloroform  dissolves  the  indigo  which  is  formed,  assumes  a  violet  colour,  and  gives  an 
absorption  band  between  C  and  D,  slightly  nearer  D  {Hoppe- Seyler). 

Quantity. — Jaffe  found  in  1500  c.c.  of  normal  human  urine,  4*5  to  19'5  milligrams  of 
indigo  ;  horse's  urine  contains  23  times  as  much.  The  subcutaneous  injection  of  indol  increases 
the  indican  in  the  urine  {Jaffe).  E.  Ludwig  obtained  indican  by  heating  ha^matin  or  urobilin 
with  a  caustic  alkali  and  ^inc  dust.    It  has  also  been  found  in  the  sweat  (§  286)  {Bizio). 

PathologicaL — The  indican  in  the  urine  is  increased  when  much  indol  is  formed  in  the 
intestine  (§  170,  IL),  e.g.,  in  typhus,  lead  colic,  trichinosis,  catarrh  and  lifBmorrhage,  of  the 
stomach,  cholera,  carcinoma  of  the  liver  and  stomach;  obstruction  of  the  bowels  or  ileus, 
peritonitis,  and  diseases  of  the  small  intestine.  [It  is  a  fact  of  some  practical  importance  that 
a  large  quantity  of  the  indoxyl  compound,  indican,  is  found  in  the  urine  in  intestinal  obstruc- 
tion. It  is  increased  after  ligature  of  the  small,  but  not  the  large,  intestine  in  dogs.  This 
is  due  to  the  putrefaction  of  the  albumin  in  the  intestine  yielding  indol.  In  man  it  is 
increased  in  obstruction  of  the  small,  but  not  of  the  large,  gut.] 

2.  Phenol,  CgHgO  (carbolic  acid,  §  252,  lY.),  was  discovered  by  Städeler  in  human 
nrine  (more  abundant  in  horse's  urine).  It  does  not  occur  as  carbolic  acid,  but  in 
combination  with  a  substance  from  which  it  is  separated  by  distillation  Avith  dilute 
mineral  acids.  The  "phenol-forming  substance"  is,  according  to  Baumann, 
" phenolsulphuric  acid"  (CßH^O,  SO3H),  which  in  urine  is  united  with  potash 
[i.e.,  as  phenol-sulphate  of  potassium,  CgH^O  .  SO3K.] 

Phenol  is  derived  from  the  decomposition  of  ])roteids  by  pancreatic  digestion  (§  170,  II.), 
and  also  from  putrefaction  (§  184,  III.),  the  mother-substance  being  tyrosin.  Hence,  the  for- 
mation of  phenolsulphuric  acid  is  analogous  to  the  formation  of  indican. 

If  in  the  employment  of  carbolic  acid  it  be  absorbed,  the  phenolsulphuric  acid  becomes  greatly 
increased  in  amount,  so  that  sulphuric  acid  must  be  united  with  it ;  hence,  alkaline  sulphates 
are  decomposed  in  the  body,  so  that  the  latter  may  be  absent  from  the  urine  {Baumann). 
Living  muscle  or  liver,  when  digested  in  a  stream  of  air  for  several  hours  with  blood  to  which 
phenol  and-sodic  sulphate  are  added,  yields  phenolsulphuric  acid;  while,  under  the  same  cir- 
cumstances, pyrokatechin  forms  ethersulpliuric  acid. 

Carboluria. — When  carbolic  acid  is  used  externally  or  internally,  and  it  is  absorbed,  it  causes 
a  deep  dark-colonred  urine  due  to  the  oxidation  of  ])henol  into  pyrocatechin  and  hydroquinon 
(orthobioxybenzol  =  C6He02),  which  for  the  most  part  appears  in  the  urine  as  ethersulphuric 
acid  {Baumann  and  others).  [These  substances  in  an  alkaline  urine  become  brown  on  exposure 
to  air,  and  produce  the  dark  colour  of  the  urine  in  so-called  carboluria.] 

3.  Parakresol  (C^HgO),  (hydroxyltoluol,  with  its  isomers  Ortho-  and  meta-kresol 

(the  latter  in  traces),  is  more  abundant  in  urine  {Baumann,  Preusse).  It  also 
occurs  in  conjugation  with  sulphuric  acid.  [It  occurs  as  kresol  sulphate  of 
potassium,  C^H^O  .  SO3K.] 

Test  for  phenol  (and  also  kresol)  :— Distil  150  eft.  urine  with  dilute  sulphuric  acid.  The 
distillate  gives  a  brown  crystalline  deposit  of  tribromophenol  with  bromine  water,  as  well  as  a 
red  colour  with  Millon's  reagent. 

Hydroxybenzol  (pyrokatechin,  hydroquinon)  is  obtained  from  urine  when  it  is  heated  for  a 
long  time  with  hydrochloric  acid. 

Resorcin,  which  is  an  isomer  of  hydroquinon,  when  administered  internally,  also  appears  in 
the  urine  as  ethersulphuric  acid.  Toluol  and  naphthalin  behave  similarly.  Benzol  is  oxidised 
to  phenol. 

4.  Pyrokatechin  or  Katechol,  C6Hg02  (metadihydroxylbenzol),  is  formed  along 
with  hydroquinon  from  phenol,  and  is  an  isomer  of  the  former.    It  behaves  like 
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iiidol  and  phenol,  for  when  united  with  suljohuric  acid,  it  yields  the  pyrokatechin- 
forming  substance.  Small  quantities  sometimes  occur  in  human  urine  ;  it  is  more 
abundant  in  the  urine  of  children ;  it  becomes  darker  when  the  urine  putrefies. 

5.  Skatol  [CgHß(CH3)N  (methyl-indol)],  which  is  crystalline,  and  is  formed 
during  putrefaction  in  the  intestine,  also  appears  in  the  urine  as  a  compound  of 
suljjhuric  acid  (§  252),  [i.e.,  as  skatoxyl-sulphate  of  potassium,  CgHglSTO  .  SOgK]. 
On  feeding  a  dog  with  skatol,  Brieger  found  much  potassic  skatol-oxy-sulphate. 

Test. — Skatol  compounds  are  recognised  by  adding  dilute  nitric  acid,  which  causes  a  violet 
colour,  or  faming  nitric  acid,  which  precipitates  red  ftakes  {Nencki).  Its  quantity  is  regulated 
by  the  same  conditions  as  indican. 

[It  is  important  to  notice  that  the  aromatic  combinations  present  in  the  urine 
occur  as  conjugated  sulphuric  acid  compounds,  i.e.,  as  ethereal  sulphates. 

Indol,  phenol,  and  skatol,  derived  from  the  putrefactive  decomposition  of  proteids 
in  the  intestine,  must  somewhere  after  absorption  unite  with  sulphuric  acid — 
probably  in  the  liver — to  form  these  compounds,  i.e.,  that  in  the  liver  poisonous 
compounds  are  converted  into  innocuous  ones  (p.  324).  Baumann  has  shown  that 
if  the  intestine  be  disinfected,  the  conjugated  sulphuric  acid  disappears  from  the 
urine.] 

The  aromatic  oxyacids,  hydroparacumaric  acid,  and  paraoxyphenylacetic  acid  (the  former  a 
putrefactive  product  of  flesh,  the  latter  obtained  by  E.  and  H.  Salkowski  from  putrid  albumin) 
occur  in  the  wrxwe  {Baiimann,  §  252).  Test. — Shake  the  urine  treated  with  a  mineral  acid  with 
ether,  evaporate  the  latter,  and  dissolve  the  residue  in  water.  If  aromatic  oxyacids  are  present, 
they  give  a  red  colour  with  Millon's  reagent. 

Baumann  gives  the  following  series  of  bodies,  which  are  formed  from  tyrosin  by  decomposi- 
tion and  oxidation  ;  most  of  the  substances  are  formed  both  during  the  decomposition  of  albumin, 
and  also  in  the  intestine,  whence  they  pass  into  the  urine: — Tyrosin,  C9H]iN03  4  = 
CgHjoOjj  (hydroparacumaric  acid) +  NH3.  C9H]o03  =  C8HioO  (paraethylphenol,  not  yet  proved) 
+  c6o.  C8HioO  +  03  =  C8H803  (pai'aoxyphenylacetic  acid)  +  H20.  C8H803  =  C^HgO  (parakresol) 
+  CO2.  O7H8O  +  03  =  C7Hg03  (paroxy benzoic  acid,  not  yet  proved)  +  H.,0.  C7H603  =  CeHeO 
(phenol) +  CO2. 

Potassium  sulphocyanide,  or  thio-cyanate,  derived  from  the  saliva,  also  occurs 
in  urine.  [It  passes  into  the  intestine,  is  absorbed  into  the  blood,  and  is  excreted 
in  the  urine.]  After  acidulation  with  hydrochloric  acid,  its  presence  may  be 
detected  by  the  ferric  chloride  test  (§  146 — Gscheidlen  and  J.  Münk).  One  litre 
of  human  urine  contains  0'02  to  0"08  gram  combined  with  an  alkali. 

Succinic  acid  (CjHgOj)  occurs  chiefly  after  a  diet  of  flesh  and  fat,  and  almost  disappears  after 
a  vegetable  diet.  It  is  a  decomposition-product  of  asparagin,  and  occurs  in  considerable  amount 
in  the  urine  after  eating  asparagus.  It  is  also  a  product  of  the  alcoholic  fermentation  (§  150), 
and  ns  it  passes  out  of  the  body  unchanged,  it  occurs  in  the  urine  of  those  who  imbibe  spirituous 
liquors.    It  passes  unchanged  into  the  urine  {Neuhauer). 

Lactic  acid  (C3Hg03)  is  a  constant  constituent  of  urine.  Some  observers  have  found  ferment- 
able lactic  acid  in  diabetic  urine  ;  sarcolactic  acid  after  poisoning  with  phosphorus  and  in 
trichinosis.  Occasionally  traces  of  volatile  fatty  acids  are  present.  Some  animal  gum  occurs 
in  urine  (p.  476),  and  Bechanip's  "  nephrozymose  "  consists  for  the  most  part  of  gum  [Land- 
toehr).  This  substance  is  precipitated  fiom  urine  by  adding  to  it  three  times  its  volume  of  90 
per  cent,  alcohol.  It  is  not  a  siniplc  body,  but  at  60°  to  70°  C.  it  transforms  starch  into  sugar 
{v.  Vintschgau). 

Ferments. — Traces  of  diastatic,  peptic,  and  rennet  ferment  have  been  found, 
especially  in  urine  of  high  specific  gravity.  [Fibrin  placed  in  urine  absorbs  the 
ferments.]    Trypsin  is  said  not  to  occur  normally  {Leo). 

Traces  of  sugar  [i.e.,  dextrose]  {Brücke,  Bence  Jones),  to  the  amount  of  0'05  to  0"01  per  cent., 
occur  in  normal  urine.  [Bunge  doubts  the  occurrence  of  sugar  and  lactic  acid  in  normal  urine.] 
After  the  ingestion  of  milk-,  cane-,  or  grape-sugar  (50  grms.)  these  varieties  of  sugar  appear  in 
small  quantity  in  the  urine  (  Worm-Miiller — §  267,  7). 

Kryptophanic  acid  (C3H9NOg),  according  to  Thudichum,  occurs  as  a  free  acid  in  urine,  but 
Landwehr  regards  it  as  an  animal  gum. 

Reducing  substances. — Substances  which  give  Trominer's  test  always  occur  in 
the  urine.    ^»J'ormal  human  urine  reduces  cupric  salts,  like  a  0'15-0'25  solution  of 
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grape-sugar  (more  in  fever).  About  |-  of  these  substances  seems  to  be  compounds 
of  giycuronic  acid  (§  275),  and  J  is  due  to  uric  acid  and  kreatinin  (Fliickiger). 

Aceton  (CgHgO)  is  formed  when  uoi-mal  urine  is  oxidised  with  potassic  bichromate  and  sul- 
phuric acid,  and  it  is  formed  from  a  reducing  substance  present  in  normal  urine  (apparently 
derived  from  the  grape-sugar  of  the  blood).  Aceton  occurs  in  traces  as  a  normal  urinary  con- 
stituent, which  is  increased  during  increased  metabolism  of  the  tissues,  e.g.,  carcinoma,  in- 
anition. It  has  also  been  found  in  the  blood  in  fever  {v.  Jaksch).  Lieben's  Test. — Acidulate 
half  a  litre  of  urine  with  HCl  and  distil ;  Avhen  treated  with  tincture  of  iodine  and  ammonia 
there  is  a  turbidity  due  to  iodoform  (p.  517). 

II.  THE  INORGANIC  CONSTITUENTS  OF  THE  URINE.— The  inorganic 
constituents  are  eitlier  taken  into  the  body  as  sucli  with  the  food  and  pass  ofi"  un- 
changed in  tlie  urine,  or  they  are  formed  in  the  body,  owing  to  the  sulphur  and 
]3hosphorus  of  the  food  being  oxidised  and  the  products  uniting  with  bases  to  form 
salts.  The  quantity  of  salts  excreted  daily  in  the  urine  is  9  to  25  grams  [|  to  f 
oz.], 

Sodic  chloride— to  the  amount  of  12  (10  to  13)  grams  [180  grains]— is  excreted 
daily.  It  is  increased,  after  a  meal,  by  muscular  exercise,  drinking  of  water, 
and  generally,  when  the  quantity  of  urine  is  increased,  by  the  free  use  of  large 
quantities  of  common  salt,  and  by  potash  salts  also ;  it  is  diminished  under  the 
opposite  conditions. 

In  disease  it  is  greatly  diminished  ;  in  pneumonia  and  other  inflammations  accompanied  by 
effusions,  in  continued  diarrhoea  and  profuse  sweating,  constantly  in  albuminuria  and  in 
dropsies.  [In  cases  of  pneumonia,  sodic  cldoride  may  at  a  certain  stage  almost  disappear  from 
the  urine  : — e.g.,  to  1  or  2  grams — at  the  crisis  8  grams,  and  the  day  after  16  grams — 
and  it  is  a  good  sign  when  the  chlorides  begin  to  reappear.]  In  other  chronic  diseases, 
the  amount  of  NaCl  excreted  runs  nearly  parallel  wdth  the  amount  of  urine  passed.  In  condi- 
tions of  excitement  the  amount  of  sodic  chloride  is  diminished,  and  potassic  chloride  increased  ; 
in  conditions  of  depression  the  reverse  is  the  case  [Zeulzer). 

Tests  for  chlorides. — Add  to  the  urine  nitric  acid  and  then  nitrate  of  silver  solution,  which 
gives  a  white  curdy  precipitate  of  chloride  of  silver.  In  albuminous  urine  the  albumin  must 
first  be  removed.  Microscopically  look  for  the  step-like  forms  of  common  salt,  and  also  for  the 
crystals  of  sodic  chloride  and  urea  (§  256,  4). 

[Estimation  of  Chlorides  (Volhard's  method).— (1)  A  S.S.  \i.e.,  a  standard 
solution)  of  silver  nitrate  is  prepared  so  that  1  c.c.  =  -010  grm.  ^s^'aCl  or  -006  of  CI. 
It  is  placed  in  a  burette.  (2)  A  10  per  cent,  solution  of  neutral  Chromate  of 
potash  is  used  as  the  indicator. 

Place  2  c.c.  of  urine  in  a  glass,  add  a  few  drops  of  (2),  and  drop  in  (1)  from  a  burette  =  a  red 
precipitate  of  Chromate  of  silver,  which  disappears  on  shaking,  giving  place  to  a  white  precipitate 
of  silver  chloride.  Add  S.S.  until  the  fluid  in  daylight  retains  a  red  colour,  not  orange,  i.e., 
until  all  the  chlorine  has  been  precipitated,  v/hich  is  indicated  by  the  persistence  of  the  red 
colour  of  the  Chromate  of  silver.  Read  off  the  number  of  c.c.  of  the  S.S.  used.  Multiply  the 
number  of  c.c.  of  urine  passed  by  the  number  of  c.c.  of  S.S.  used  and  divide  by  200.  Suppose 
a  person  passed  2000  c.c.  of  urine  in  24  hours  and  2  c.c.  of  the  S.S.  were  required  to  obtain 
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the  reaction,  then  -^^^  ^  ^  =  20  grams  of  NaCl. 
200  ^ 

Mohr's  Method. — This  simple  method  gives  approximate  results.  Dilute  10  c.c.  of  urine  with 
water  to  100  c.c;  neutralise  with  carbonate  of  soda,  add  3  drops  of  a  concentrated  solution  of 
potassic  Chromate.  Drop  in  from  a  burette  a  S.S.  of  silver  nitrate  (14-53  grms.  to  500  c.c. 
water),  until  on  stirring  a  red  colour  persists.  Every  c.c,  of  the  S.S.  =  10  milligrams  of  ISTaCl 
or  '00607  grams  of  chlorine. 

2.  Phosphoric  acid  occurs  in  urine  [in  the  form  of  two  classes  of  phosphates, — 

(1)  Alkaline  phosphates  as  acid  sodic  phosphate,  acid  potassic  phosphate,  and 

(2)  Earthy  phosphates, — acid  calcic  and  magnesic  phosphates  to  the  amount 

of  about  2  grams  daily  [30  grains]  ;  it  is  more  abundant  after  an  animal  than  after 
a  vegetable  diet.  The  amount  increases  after  a  mid-day  meal  until  evening,  and 
falls  during  the  night  until  next  day  at  noon.  It  is  partly  derived  from  the  alka- 
line and  eartliy  phosphates  of  the  food,  and  partly  as  a  decomposition-product  of 
lecithin  and  nuclein.    As  phosphorus  is  an  important  constituent  of  the  nervous 
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system,  the  relative  increase  of  phosphoric  acid  is  due  to  increased  metabolism  of 
the  nervous  substance. 

Pathological. — la  fevers,  the  increased  excretion  of  potassic  phosphate  is  due  to  a  consump- 
tion of  blood  and  nmscle  (§  220,  3).  It  is  also  increased  in  inflammation  of  the  brain,  soften- 
ing  of  the  bones,  diabetes,  and  oxalnria  ;  after  the  administration  of  lactic  acid,  morphia, 
chloral,  or  chloroform.  It  is  diminished  during  pregnancy,  owing  to  the  formation  of  the 
foetal  bones  ;  also  after  the  use  of  ether  and  alcohol,  and  in  inflammation  of  the  kidney. 

[Tests. — To  urine  add  nitric  acid  and  solution  of  ammonium  molybdate  and  boil,  a  canary- 
yellow  precipitate  of  ammonium  phosphomolybdate  indicates  the  presence  of  phosphoric  acid. 
Or,  add  half  its  volume  of  caustic  potash  to  urine,  and  boil.  The  earthy  phosphates  are  precipi- 
tated, but  not  the  alkaline  phos[)liates.] 

Earthy  phosphates  are  precipitated  by  heat  in  some  pathological  urines.  This 
precipitate  is  distinguished  from  albumin,  which  is  also  precipitated  by  heat,  by 
iDeing  soluble  in  nitric  acid,  which  precipitated  albumin  is  not.  [The  earthy  phos- 
phates are  not  precipitated  until  near  the  boiling  point.] 

[Quantitative  Estimation  of  Phosphoric  Acid. — The  amount  of  phosphoric  acid  is  estimated 

by  titrdtion  with  a  standard  solution  of  ttranium  acetate  ;  ferrocyanide  of  potassium  being  the 
indicator.  The  indicator  gives  a  brownish-red  colour  when  there  is  an  excess  of  free  uranium 
acetate. 

Place  50  c.c.  of  filtered  urine  in  a  beaker,  add  to  it  5  c.c.  of  a  solution  of  sodic  acetate  (con- 
taining 100  grams  of  sodic  acetate  and  100  c.c.  of  acetic  acid  in  1  litre  of  water).  In  a  burette 
place  a  S.S.  of  uranium  acetate  which  is  previously  titrated  to  such  a  strength  that  1  c.c.  = 
•005  grm.  phosphoric  acid.  Drop  in  the  standard  solution,  until  a  drop  of  the  mixture  gives  a 
faint  brown  colour  with  a  drop  of  the  indicator  (ferrocyanide  of  potassium).  This  is  done  on  a 
porcelain  slab.  Boil  and  test  again.  If  necessary,  add  a  few  more  drops  of  the  S.S.  until  the 
brown  colour  reappears.  Read  off"  the  c.c.  of  the  S.S.  used.  Suppose  17  c.c.  of  the  S.S.  are 
used,  then  -005  x  17= '085  grms.  phosphoric  acid  in  50  c.c.  urine.  Suppose  a  patient  passes 
1250  c.c.  urine  in  24  hours,  then  50  :  125^0  :  :  -085  :  x) 

1250  X  -085  ,   ,      ,     .  n  .  1 

— ^-g^  =  2*12  grams  of  phosphoric  acid  passed  in  24  hours.  J 

In  addition  to  phosphoric  acid,  phosphorus  occurs  in  an  incompletely  oxidLsed  form  in  the 
urine,  e.g.,  glycero-phosphoric  acid  [CgH^POg]  (§  251,  2),  which  occurs  to  the  amount  of  15 
milligrams  in  a  litre  of  urine  ;  it  is  increased  in  nervous  diseases  and  after  chloroform  narcosis. 

3.  Sulphuric  acid  occurs  in  the  urine,  the  greater  part  in  combination  with  the 
alkalies,  [i.e.,  as  pre-formed  or  combined  sulphuric  acid],  and  the  remainder  united 
with  indol,  skatol,  and  pyrokatechin,  in  the  form  of  aromatic  ethersulphuric 
compounds,  i.e.,  as  conjugated  sulphuric  acid  (p.  503),  [forming  the  ethereal 
sulphates],  the  ratio  behig  1  :  0-1045.  All  conditions  which  favour  the  formation 
of  indol,  skatol,  or  pyrokatechin  increase  the  amount  of  combined  or  conjugated 
sulphuric  acid.  The  total  daily  amount  of  sulphuric  acid  is  2-5  to  3-5  grams  [37 
to  52  grains].  It  is  increased  by  the  administration  of  sulphur  {Krause).  The 
sulphuric  acid  is  chiefly  derived  from  the  decomposition  of  proteids,  and  hence 
its  amount  runs  parallel  with  the  amount  of  urea  excreted.  The  amount  of  alka- 
line sulphates  in  the  food  is,  as  a  rule,  very  small. 

Test  for  Sulphuric  Acid. — Barium  chloride  gives  a  copious  white  heavy  precipitate  of  barium 
sulphate,  insoluble  in  nitric  acid. 

An  increased  excretion  of  sulphuric  acid  in  fevers  indicates  an  increased  metabolism  of  the 
tissues  of  the  body.  In  renal  inflammation  it  has  been  observed  to  be  diminished,  and  in  eczema 
it  is  greatly  increased.  Feeding  with  taurin  (which  contains  sulphur),  in  the  case  of  rabbits, 
(but  not  in  Carnivora  or  man),  increases  the  sulphuric  acid  in  the  urine  {Salkowski).  _  Accord- 
ing to  Ziilzer,  a  copious  secretion  of  bile  lessens  the  relative  amount  of  sulphuric  acid  in  the 
urine. 

In  addition  to  sulphuric  acid,  sulphur  {})  occurs  in  an  incompletely  oxidised  form  in  the  urine 
(potassium  sulphocyanide,  cystin,  and  sulphur-bearing  compounds  derived  from  the  bile) 
{Kiinkel,  v.  Voit—%  111,  6).  Hyposulphurous  acid,  as  an  alkaline  salt,  is  an  abnormal  con- 
stituent in  typhus  ;  and  so  is  sulphuretted  hydrogen,  which  is  recognised  by  the  blackening  of  a 
piece  of  paper  moistened  with  lead  acetate  and  ammonia,  held  over  the  urine. 

Quantitative  Estimation  of  Sulphuric  Acid. — Acidulate  strongly  with  acetic  acid  50 
c.c.  of  urine  and  add  to  it  an  equal  volume  of  water  and  barium  chloride.  After  being  heated 
for  an  hour  or  so  in  the  water-bath,  the  precipitate  falls  and  is  then  collected  on  a  filter,  and 
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washed  with  water,  then  with  dilute  HCl,  and  again  with  watei-.  The  baric  sulpliate  purified 
in  this  way  is  then  burned  and  weighed.  It  contains  all  the  sulphuric  acid  which  formed 
salts,  i.e.,  all  the  coinbined  sulphuric  acid. 

The  filtrate  and  the  washings  obtained  after  the  above  process  contain  the  sulphuric  acid 
combined  with  organic  bodies.  The  filtrate  and  washing  are  mixed,  to  them  is  added  |  of 
its  volume  of  HCl,  and  the  whole  is  heated  for  some  time.  Barium  sulphate  and  a  resinous 
substance  separate  out.  Filter,  dissolve  and  wash  the  resinous  substance  otf  the  filter  with 
hot  alcohol,  then  wash  with  hot  water,  dry,  and  burn  the  deposit  ;  1  part  barium  sulphate 
corresponds  to  0-3433  H0SO4. 

[It  is  important  to  notice  that  sulphur  occurs  in  several  combinations  in  urine, 
as  the  ordinary  bibasic  salts  and  the  monobasic  conjugated  sulphuric  acid.  The 
latter  forms  about  one-tenth  of  the  average  amount  of  ordiiiary  sulphuric  acid. 
The  ordinary  sulphates  are  precipitated,  after  acidulation,  by  a  soluble  barium  salt 
(p.  506).  The  filtrate  still  contains  conjugated  sulphuric  acid.  Add  hydro- 
chloric acid  to  the  filtrate  and  boil ;  the  conjugated  sulphuric  acids  are  broken  up 
and  may  also  be  precipitated  as  a  salt  of  Imrium.  The  filtrate  from  this  still 
contains  some  sulphur  organically  combined.  Under  certain  circumstances  cystin 
and  sulphocyanides  both  containing  sulphur  occur  in  the  urine.] 

4.  Excessively  minute  traces  of  silicic  acid  and  nitric  acid  derived  from  drink- 
ing water  have  been  found  in  urine.  Organic  acids,  e.g.,  citric  and  tartaric,  when 
taken  internally,  increase  the  amount  of  carbonates  in  the  urine.  The  urine  may 
effervesce  on  the  addition  of  an  acid. 

The  sodium  in  the  urine  is  chiefly  combined  with  chlorine,  but  a  small  part  of 
it  is  united  with  phosphoric  and  uric  acids ;  potassium  (which  is  about  J  of  the 
sodium)  is  chiefly  combined  with  chlorine.  In  fevers,  more  potash  is  excreted  than 
soda,  and  during  convalesence  the  reverse  is  the  case ;  calcium  and  magnesium 
exist  in  normal  acid  urine  as  chlorides  or  acid  phosphates.  If  the  urine  is  neutral, 
neutral  calcium  phosphate  and  magnesium  phosphate  are  precipitated.  Ebstein 
found  the  latter  in  alkaline  urine,  as  large  clear  four-sided  prisms,  in  diseases  of  the 
stomach.  If  the  urine  is  alkaline,  calcium  carbonate  (fig.  338)  and  tribasic  calcic 
phosphate  are  deposited  as  such,  while  the  magnesium  is  precipitated  in  the  form 
of  ammonio-magnesium  phosphate  or  triple  phosphate.  The  calcium  is  derived 
from  the  food,  and  depends  upon  the  amount  of  lime  salts  absorbed  from  the 
intestine.  Free  ammonia  is  said  to  occur  (0-72  gram  or  7  grains  daily)  in  per- 
fectly fresh  urine  {Neubauer,  Bvücl-e),  and  the  amount  is  greater  with  an  animal 
than  with  a  vegetable  diet  {Coranda).  The  amount  of  fixed  ammonia  is  increased 
by  the  administration  of  mineral  acids  {Walter,  Schiiiiedeberg,  Gätligens).  Iron  (1 
to  11  milligrams  per  litre)  is  never  absent.  There  is  a  trace  of  hydric  peroxide 
{Schönbein),  which  is  detected  by  its  decolorising  indigo-solution  on  the  addition  of 
iron  sulphate. 

G-ases. — 24-4  c.c.  of  gas  was  obtained  from  one  litre  of  urine — 100  volumes  of 
the  gases  pumped  out  consisted  of  65-40  vol.  COg,  2-74  0,  13-86  N.  After  severe 
muscular  action,  the  amount  of  COg  may  be  doubled ;  digestion  also  increases  it, 
copious  drinking  diminishes  it. 

263.  FERMENTATIONS  OF  URINE. --Acid  Fermentation.— When  per- 
fectly fresh  urine  is  set  aside,  it  gradually  becomes  more  acid  from  day  to  day. 
This  is  called  the  "acid  fermentation."  It  seems  to  be  due  to  the  development 
of  special  fungi  (fig.  316,  a),  and  the  process  is  accompanied  by  the  deposition  of 
uric  acid  (c),  acid  sodium  urate,  in  amorphous  grains  {b),  and  calcium  oxalate  {d). 
According  to  Scherer,  the  fungus  and  the  mucus  from  the  bladder  decompose  part 
of  the  urinary  pigment  into  lactic  and  acetic  acids.  The  latter  sets  free  uric  acid 
from  neutral  sodium  urate,  so  that  free  uric  acid  and  sodium  urate  must  be  formed. 
Butyric  Mid  formic  acids  have  been  found  as  abnormal  decomposition-products  of 
other  urinary  constituents.    When  the  acid  fermentation  begins,  the  urine  absorbs 
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oxygen  (Pasteur).  According  to  Brücke,  it  is  the  lactic  acid,  formed  from  the 
minute  traces  of  sugar  present  in  urine,  which  causes  the  acidity.  According  to 
Eöhmann,  who  recognises  the  acid  fermentation  as  an  exceptional  phenomenon, 

the  acids  are  formed  from  the 
decomposition  of  sugar,  and  from 
alcohol  which  may  he  present 
accidentally.  While  the  urine 
is  still  acid,  it  becomes  turbid 
and  contains  nitrous  acid,  whose 
source  is  entirely  unknown.  Ac- 
cording to  V.  Voit  and  Hofmann, 
phosphoric  acid  and  a  basic  salt 
are  formed  from  acid  sodium 
phosphate,  whereby  part  of  the 
uric  acid  is  displaced  from  sodium 
urate,  thus  causing  the  formation 
of  an  acid  urate. 

Alkaline  Fermentation.  — 
When  urine  is  exposed  for  a  still 
longer  time,  more  especially  in  a 
Avarm  place,  it  becomes  neutral 
and  ultimately  ammoniacal,  i.e., 
it  undergoes  the  alkaline  fermen- 
tation (hg.  317). 


Fig.  316. 

Deposit  in  "acid  feniientatioii "  of  urine. 
b,  amorphous  sodium  urate  ;  c,  uric  acid 
oxalate. 


rt,  fungus  ; 
d,  calcium 


"4. 


This  condition  is  accompanied  by  the  formation  of  the  micrococcus  nreae  (fig. 
317),  (Pasteur,  Cohn)  and  Bacterium  ureee  (figs.  317,  318),  which  causes  the  urea 
to  take  up  water,  and  decompose  into  COg  and  ammonia. 

[CON^H,  +  2H2O  =  (NHJ.COg]. 

Urea  Ammonium  carbonate 

The  property  of  decomposing  urea  belongs  to  many  kinds  of  bacteria,  including  even_  the 
sarcina  of  the  lungs— whose  germs  seem  to  be  univei'sally  dißused  in  the  air.    These  organisms 

produce  a  soluble   ferment  {Musculus) 


soluble 

which,  however,  only  passes  from  the  body 
of  the  cells  into  the  fluid  after  the  cell  or 
organism  has  been  killed  by  alcohol  {Lea). 

The  presence  of  ammonia  causes 
the  urine  to  become  turbid,  and  those 
substances  which  are  insoluble  in 
an  alkaline  urine  are  precipitated— 
earthy  phosphates,  consisting  of  the 
amorphous  calcic  phosphate,  acid 
ammonium  urate  (fig.  316,  a),  in 
tlie  form  of  small  dark  granules 
covered  with  spines ;  and,  lastly,  the 
large  clear  knife-rest  or  "  coffin-lid  " 
form  of  ammonio-magnesic  phos- 
phate, or  triple  phosphate  (fig.  339). 
[The  last  substance  does  not  exist 
as  such  in  normal  urine,  but  it  is 
formed  when  ammonia  is  set  free 
by  the  decomposition  of  urea,  the 
ammonia  uniting  with  the  magnesium 
phosphate.  Its  presence  therefore  always  indicates  ammoniacal  fermentation  of 
the  urine.]    In  cases  of  catarrh  or  inflammation  of  the  bladder,  this  decomposi- 


mm 


Fig.  317. 

Deposit  in  ammoniacal  urine  (alkaline  fermenta 
tion).  a,  acid  ammonium  urate  ;  h,  ammonio 
magnesium  phosphate  ;  c,  bacterium  ureee. 
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tion  may  take  place  within  the  bladder,  when  the  urine  always  contains  pus-cells 
(fig.  323)  and  detached  epithelium.  When  much  pus  is  present,  the  urine  contains 
albumin.  Ammoniacal  urine  forms  white  fumes  of 
ammonium  chloride,  Avlien  a  glass  rod  dipped  in  hy- 
drochloric acid  is  brought  near  it.  [When  ammonia 
is  added  to  normal  urine,  triple  phosphate  is  precipi- 
tated in  a  feathery  form  (fig.  341).] 

[Significance  of  Triple  Phosphate.— If  urine  be  alkahne  318. 
when  it  is  passed,  and  the  alkalinity  be  due  to  a  volatile  alkali,  MiVvnonnpno  iivp^ 

i.e.,  to  NH3,  then  decomposition  of  the  urine  has  taken  place,  and  miciococcus  uie*. 

this  kind  of  urine  is  a  sure  sign  that  there  is  disease  of  the  genito-urinavy  mucous  membrane.] 

264.  ALBUMIN  IN  URINE  OR  ALBUMINURIA.— Serum-albumin  is  the 

most  important  abnormal  constituent  in  urine  which  engages  the  attention  of  the 
physician.  It  occurs  in  blood  (§  32),  and  its  characters  are  described  in  §  249. 
[In  some  cases,  perhaps  in  most  cases,  serum-globulin  is  present  along  with  serum- 
albumin.  1 


of  Albuminuria. — 1.  Serum-albumin  may  appear  in  urine  without  any  apparent 
anatomical  or  structural  change  of  the  renal  tissues.  This  condition  has  been  called  by  v. 
Bamberger  ''Hoimatogenous  albuminuria,"  and  by  Leube  "physiological  albuminuria"  although 
the  latter  term  is  not  a  good  one.  It  occurs  but  rarely,  however,  and  sometimes  in  healthy 
individuals  when  there  is  an  excess  of  albumin  in  the  blood-plasma  {e.g.,  after  suppression 
of  the  secretion  of  milk),  and  after  too  free  use  of  albuminous  food.  2.  As  a  result  of 
increased  blood-pressure  in  the  renal  vessels,  e.g.,  after  copious  drinking.  It  may  be  temporary 
or  it  may  be  persistent,  as  in  cases  of  congestion  following  heart  disease,  emphysema,  chronic 
pleuritic  effusions,  infiltrations  of  the  lungs,  and  after  compression  of  the  chest,  causing  conges- 
tion in  the  pulmonary  circuit,  which  extends  even  into  the  renal  veins,  &c.  3.  After  section 
or  paralysis  of  the  vaso-motor  nerves  of  the  kidneys,  which  causes  great  congestion  of  these 
organs.  The  albuminuria,  which  accompanies  intense  and  long-continued  abdominal  pain,  is 
brought  about  owing  to  a  reflex  paralysis  of  the  renal  vessels.  4.  After  violent  muscular 
exercise.  [Senator  found  that  forced  marches  in  young  recruits  were  very  frequently  followed 
by  the  appearance  of  albumin  in  the  urine,  which  persisted  for  several  days.]  Convulsive  dis- 
orders, e.g.,  epilepsy,  the  spasms  of  dyspnoea  after  strychnin  poisoning,  in  shock  of  the  brain, 
apoplexy,  spinal  paralysis,  and  violent  emotions  ;  the  excessive  use  of  morphia,  which  perhaps 
acts  on  the  vaso-motor  centres.  5.  It  may  accompany  many  acute  febrile  diseases,  e.g.,  the 
exanthemata  (scarlet  fever),  typhus,  pneumonia,  and  pysemia.  In  these  cases  it  may  be  due  to 
the  increase  of  temperature  paralysing  the  vessels,  but  more  probably  the  secretory  apparatus  of 
the  kidney  is  so  changed  {e.g.,  cloudy  swelling  of  the  renal  epithelium)  that  the  albumin  can 
pass  through  the  renal  membrane.  6.  Certain  degenerations  and  inflammations  of  the  kidneys 
at  several  of  their  stages.  7.  Inflammation  or  suppuration  in  the  ureter  or  urinary  passages. 
8.  Certain  chemical  substances  which  irritate  the  renal  parenchyma,  e.g.,  cantharides,  carbolic 
acid.  9.  The  complete  withdrawal  of  common  salt  from  the  food.  The  albumin  disappears 
when  the  common  salt  is  given  again.  10.  The  epithelium  may  be  in  such  a  condition  that  it 
cannot  retain  the  albumin  loithin  the  vessels,  due  to  imperfect  nourishment  and  functional  weak- 
ness of  the  excretory  elements.  This  includes  the  albuminuria  of  ischtemia,  and  that  after 
haemorrhage,  in  anaemia,  scorbutus,  icterus,  diabetes.  [Grainger  Stewart  finds  that  albunjinuria 
is  more  common  among  presumably  healthy  people  than  was  formerly  supposed.]  [11.  Besides 
the  experimental  conditions  mentioned  above,  what  is  called  experimental  albuminuria  may  be 
produced  by  pressure  on  the  renal  vein,  or  by  closing  the  renal  artery  for  a  short  time  and  then 
removing  the  obstruction  and  allowing  the  blood  to  circulate.  ] 

[Besides  being  derived  from  the  secreting  parenchyma  of  the  kidney,  albumin  may  be 
present  owing  to  admixture  with  the  secretions  from  any  part  of  the  urinary  tract,  including 
the  vagina  and  uterus  in  the  female.  In  some  cases  the  transudation  of  albumin  is  favoured  by 
changes  in  the  capillary  walls,  the  albumin  being  forced  through  by  the  intravascular  pressure. 
Sometimes  albuminuria  occurs  during  the  course  of  severe  typhoid  fever,  and  in  acute  fevers 
generally,  where  the  temperature  is  persistently  above  40°  C.  (104°  F.).  The  high  temperature 
alters  the  filtering  membrane  and  permits  the  filtration  of  albumin.] 

[So-called.  Physiological  Albuminuria. — This  term  has  been  applied  to  that  condition  of  the 
urine,  where  traces  of  albumin  are  found  in  individuals  apparently  in  perfect  health.  Johnson 
and  Pavy  cite  such  cases,  while  Posner  asserts  that  all  urine — even  healthy  urine — contains  traces 
of  Proteids,  whose  presence  is  ascertained  after  concentrating  the  urine.  It  is  safe  to  assume 
that  normal  urine  should  give  no  reaction  with  the  usual  tests  for  albumin.  Posner  precipi- 
tated the  urine  with  alcohol,  washed  the  precipitate,  dissolved  it  in  acetic  acid,  and  tested  it, 
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with  the  ferrocyanide  test  for  albumin.  He  finds  that  minute  traces  of  proteid  are  detected  by 
the  following  modification  of  the  biuret  test : — Make  the  urine  alkaline,  and  by  the  "  contact 
method"  bring  a  layer  of  very  dilute  cupric  sulphate  over  it;  when  the  two  fluids  touch,  a 
reddish-violet  ring  is  obtained.] 

The  tests  for  albumin  in  urine  depend  upon  the  facts  that  it  is  coagulated  by 
heat  in  neutral  or  acid  solutions,  and  it  is  precipitated  by  various  reagents. 

[(1)  Heller's  Test. — Place  10  c.c.  of  the  urine  in  a  test-glass,  and  pour  in  pure  colourless 
HNO3  so  as  to  run  down  the  side  of  the  glass,  forming  a  layer  beneath  the  urine.  A  white 
zone  of  coagulated  albumin  indicates  the  presence  of  albumin.  In  this  test  it  is  important  to 
wait  a  certain  time  for  the  development  of  the  reaction.  In  urines  of  high  specific  gravity,  a 
haziness  due  to  acid  urates  may  be  formed  above  where  the  two  fluids  meet,  but  its  upper  edge 
is  not  circumscribed.  The  acid  decomposes  the  neutral  urates  and  forms  a  more  insoluble  acid 
salt.  This  cloud  of  acid  urates  is  readily  dissolved  by  heat,  while  the  albumin  is  not ;  the 
latter  is  always  a  sharply  defined  zone  between  the  two  fluids.  In  very  concentrated  urine 
(rare),  nitric  acid  may  gradually  precipitate  crystalline  urea  nitrate.  In  patients  taking 
copaiba,  nitric  acid,  by  acting  on  the  resin,  causes  a  slight  milkiness.] 

[(2)  Boiling  and  Ni'tric  Acid. — Place  10  c.c.  of  urine  in  a  test-tube  and  boil.  If  albumin  be 
present  in  small  quantity,  a  faint  haziness,  which  may  be  detected  in  a  proper  light,  will  be 
produced.  Add  10  to  12  drops  of  HNO3.  If  the  turbidity  disappears  it  is  due  to  phosphates, 
while  if  any  remains  it  is  due  to  albumin.  If  albumin  be  present  in  large  quantity,  a  copious 
whitish  coagulum  is'obtained.  Precautions. — {a)  In  all  cases,  if  the  urine  be  turbid,  filter  it 
before  applying  any  test,  {b)  How  to  boil. — Boil  the  upper  strata  of  the  liquid,  and  take  care, 
if  any  coagulum  be  formed,  that  it  does  not  adhere  to  the  side  of  the  tube,  else  the  tube  is 
liable  to  break,  (c)  In  performing  this  test  with  a  neutral  solution,  note  when  the  precipitate 
falls,  for  albumin  is  precipitated  about  70°  C,  phosphates  not  till  about  the  boiling  point,  {cl) 
Amount  of  Acid. — If  too  little  (2  or  3  drops)  HNO3  be  added,  or  too  much  (30  or  40  drops),  we 
may  fail  to  detect  albumin,  although  it  is  present.] 

(3)  Ferrocyanide  Test. — By  the  addition  of  acetic  acid  and  potassium  ferrocyanide.  [If 
albumin  be  present,  a  white  flocculent  precipitate  separates  in  the  cold.  Dr  Pavy  has  intro- 
duced pellets,  consisting  of  a  mixture  of  citric  acid  and  sodic  ferrocyanide.  All  that  is  required 
is  to  add  a  pellet  to  the  suspected  urine.  Oliver's  Papers. — Dr  Oliver  uses  papers,  one  saturated 
with  citric  acid  and  another  with  ferrocyanide  of  potassium.  The  two  papers  are  added  to  the 
clear  filtered  urine.  Other  precipitants  of  albumin,  such  as  small  pieces  of  paper  impregnated 
Avith  potassio-mercuric  iodide,  are  used  by  Oliver.] 

(4)  Boiling  Acid  Urine. — If  the  urine  be  alkaline,  although  albumin  may  be  present,  it  is 
not  precipitated  by  heat  alone.  We  require  to  add  acetic  acid  until  a  slightly  acid  reaction  is 
obtained.  Boiling  may  give  a  precipitate  of  earthy  phosphates  in  an  alkaline  urine,  owing 
perhaps  to  the  COo  being  driven  oft".  This  precipitate  might  be  mistaken  for  albumin,  but 
on  adding  acetic  acid  or  nitric  acid,  the  earthy  precipitate  is  dissolved,  while  the  precipitate  of 
albumin  is  not  dissolved.  In  testing  for  albumin,  always  use  clear  urine.  If  it  is  turbid, 
filter  it. 

[(5)  Metaphosphoric  acid  is  dissolved  in  water  just  before  it  is  to  be  used  and  added  to  clear 
urine  {Hindcnlang).  Graham  pointed  out  that  metaphosphoric  acid  precipitated  albumin.  A 
20  per  cent,  solution  of  the  ordinary  glacial  phosphoric  acid  is  a  good  test  for  albumin,  but  it 
also  ]n-ecipitates  peptones.  It,  however,  changes  into  ordinary  phosphoric  acid  by  keeping, 
and  then  it  no  longer  precipitates  albumin.] 

[(6)  Sodic  Sulphate  and  Acetic  Acid.— Acidulate  10  c.c. of  urine  with  acetic  acid,  and  add  I  of 
its  volume  of  a  concentrated  solution  of  sulphate  of  soda  or  magnesia.  On  heating,  if  albumin 
be  present,  a  distinct  cloudiness  is  obtained.] 

[(7)  In  picric  acid  according  to  Dr  Johnson,  we  have  a  more  delicate  test  for  minute  traces 
of  albumin  than  either  heat  or  nitric  acid,  or  than  both  these  tests  combined.  It  is  used  either 
in  the  form  of  crystals  or  powder,  or  as  a  saturated  aqueous  solution.  Take  a  four-inch  column 
of  urine  in  a  test-tube,  hold  the  tube  in  a  slanting  direction,  and  pour  an  inch  of  the  picric 
acid  solution  on  the  surface  of  the  urine,  where,  in  consequence  of  its  low  specific  gravity  (1005), 
it  mixes  only  with  the  upper  layer  of  the  urine.  It  coagulates  any  albumin  present.  The 
precipitate  occurs  at  once,  and  is  increased  by  heat,  while  the  urate  of  soda,  which  is  sometimes 
precipitated,  is  soluble  on  heating.  Peptones  and  albumoses  are  also  precipitated  by  this 
reagent,  but  the  precipitate  redissolves  on  heating.] 

[(8)  Potassio-mercuric  iodide,  or  Tanret's  reagent,  gives  a  white  precipitate.  This  is  a 
very  delicate  test,  but  it  also  precipitates  peptones  and  albumoses  (but  these  precipitates  are 
dissolved  by  heat),  alkaloids,  and  bile-salts.  The  reagent  consists  of  mercuric  chloride,  1'35 
grams  ;  potassium  iodide,  3 '32  grams  ;  acetic  acid,  20  c.c.  ;  and  water,  64  c.c] 

[Dr  Roberts  regards  any  test  for  albumin  which  requires  strong  acidulation  with  an  organic 
acid,  citric,  acetic,  or  lactic,  as  unsatisfactory,  since  it  precipitates  mucin.  For  this  reason  he 
rejects  the  tungstate,  mercuric  iodide,  and  potassic  ferrocyanide  tests.    Dr  Roberts  regards  the 
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heat  test,  with  the  addition  of  a  small  definite  quantity  of  acetic  acid,  as  the  best  test  for  the 
detection  of  small  quantities  of  albumin.] 

1.  Quantitative  Estimation  of  albumin.  — 100  c.c.  of  urine  are  boiled  in  a  cay)sule,  some 
acetic  acid  being  lütiniately  added,  whereby  the  albumin  is  precipitated  in  flakes.  The 
precipitate  is  collected  on  a  weighed,  dried  (110°),  ash-free  filter,  and  repeatedly  washed  with 
hot  water,  then  with  alcohol,  and  dried  in  an  air-bath  at  110°.  The  weight  of  the  filter  is 
deducted,  and  finally  the  dried  filter  with  the  albumin  is  burned  in  a  weighed  platinum  capsule, 
and  the  weight  of  the  ash  also  deducted.  [This  method  is  not  available  for  the  busy  pi'actitioner 
on  account  of  the  time  it  takes.  Practically,  it  is  sufficient  to  compare  from  day  to  day  the 
proportion  that  the  precipitated  albumin  bears  to  the  bulk  of  the  urine  tested.  A  graduated 
tube  may  be  used,  so  that  after  the  precipitate  has  subsided,  the  physician  may  see  what  pro- 
portion of  the  Avhole  the  precipitate  occupies,] 

Esbach's  Albuminimeter  (fig.  .319).— A  glass  cylinder  is  filled  with  the  urine  up  to  the 
mark  U,  and  to  R  with  the  precipitant  (20  citric  acid,  10  picric  acid,  970  water).  The  vessel 
is  corked  and  turned  upside  down  several  times  to  secure  the  mixture  of  the  fiuitls. 
After  twenty-four  hours  the  coagulated  albumin  subsides,  when  the  graduation  on 
the  tube  indicates  the  number  of  grams  of  albumin  per  1000  c.c.  of  urine.  Very 
albuminous  urine  must  be  previously  diluted.  [Suppose  the  amount  of  deposit 
to  reach  to  3,  and  the  patient  passed  1800  c.c.  of  urine  in  24  hours,  the  amount 
of  albumin  is  1  •8x3  =  5-4  grams  in  24  hours.    That  is,  3  grams  in  1000  c.c,  there- 

r      1800  X  3    .  .  -, 

tore  =  5  '4.  ] 

1000  \ 

2.  Serum-globulin  occurs  only  in  albuminous  urine,  and  is  frequently  present. 
Its  presence  is  ascertained  by  [neutralising  and]  adding  powdered  magnesium 
sulphate  in  excess  to  the  urine  ;  when  it  is  present  it  is  precipitated  (§  32),  The 
more  globulin  there  is  in  the  presence  of  albumin,  the  more  difficult  it  is  to  pre- 
cipitate it.  Sometimes,  Avhen  an  albuminous  urine  is  dropped  into  a  large  cylinder 
of  water,  each  drop  as  it  sinks  is  followed  by  a  milky  train,  and  when  a  sufficient 
number  of  drops  have  been  added,  the  water  becomes  opalescent,  the  opalescence 
disappearing  on  adding  an  acid.  The  globulin  is  kept  in  solution  by  common  salt 
and  other  neutral  salts,  but  when  these  are  largely  diluted,  the  globulin  is  precipi- 
tated [Roberts). 

3.  Peptone  occurs  in  some  specimens  of  albuminous  urine,  but  also  in  non- 
albuminous  urine.  Maixner  found  it  constantly  in  the  urine  in  all  cases  where 
suppuration  is  present,  and  even  in  phthisis,  constituting  pyogenic  peptonuria. 
Peptone  occurs  in  pus,  and  the  peptonuria  in  these  cases  is  a  sign  of  the  breaking 
up  of  the  pus-cells  [Hofmeister).  Also  when  many  leucocytes  are  broken  up  in  the 
blood  (haematogenic).  It  occurs  in  cases  where  there  is  great  disintegration  of 
albuminous  tissues,  e.g.,  in  cancer,  [suppurative  diseases,  empyema,  croupous 
pneumonia,  phosphorus-poisoning,  &c.].  It  is  frequently  found  after  child-birth. 
Ammonium  sulphate  precipitates  all  proteids  except  peptones  (p.  464). 

[The  only  satisfactory  test  for  peptone  is  to  precipitate  all  the  other  proteids  with 
ammonium  sulphate,  and  any  proteid  remaining  in  solution  in  the  filtrate  must 
then  ha  peptone.  Many  of  the  so-called  cases  of  peptonuria  [Martin)  (in  sup- 
purative diseases)  are  really  due  to  the  presence  of  deutero-proteose.  This  last 
substance  gives  all  the  reactions  for  peptone  except  the  following  two.  It  is 
precipitated  by  ammonium  sulphate,  while  peptone  is  not.  It  gives  no  precipitate 
with  nitric  acid  unless  a  considerable  amount  of  salt  is  added,  and  this  precipitate 
disappears  on  heating  and  reappears  on  cooling,  while  peptone  gives  no  precipitate 
with  nitric  acid.] 

[When  peptone  is  injected  into  the  blood  it  is  excreted  in  the  urine  as  peptone  (p,  36). 
Deutero-albumose  similarly  injected  appears  as  peptone,] 

Test.— Separate  the  albumin  by  boiling  and  the  addition  of  acetic  acid.  Treat  the  filtrate 
Avith  three  volumes  of  alcohol  ;  this  precipitates  the  peptone,  which,  Avhen  dissolved  in  Avater, 
gives  the  characteristic  reactions  for  peptone  (§  166,  1.). 

4.  Proteoses,  i.e.,  Hemialbumose  or  propeptone  occur  very  rarely,  e.g.,  in  osteomalacia  and 
intestinal  tuberculosis  [Bmce  Jones).  The  urine  is  heated  to  saturation  with  NaCl  and  a  large 
quantity  of  acetic  acid  added, and  filtered  Avhile  hot,  to  separate  the  albumin  and  globulin.  In 
the  cold  filtrate  hemialbumose  forms  a  turbidity,  which  is  redissolved  by  heat.  The  precipitate 
thrown  doAvn  by  HCl  and  HNO3  is  soluble  by  heat  [Kühne).  The  precipitate  is  isolated  by 
filtration,  and  dissolved  in  a  little  warm  Avater,  wdien  it  gives  with  HNO^  a  yelloAV  reaction  ; 
like  peptone  the  solution  gives  the  biuret-reaction  (p.  466).  [Another  proteose  occurring  in 
the  urine  is  deutero-proteose,  Avhich  has  been  mistaken  for  peptone  (see  above).] 

5.  Egg-albumin  appears  in  the  urine  when  much  egg-albumin  is  taken  in  the  food,  and  also 
Avhen  It  is  injected  into  the  blood-vessels  (§  192,  4).  According  to  Semmola,  the  albumin 
present  in  the  urine  in  Bright's  disease  has  undergone  a  molecular  change  (similar  to  egg- 
albumin),  and  hence  it  is  excreted. 


Fig.  319. 

Esbach's 
albumini- 
meter. 
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6.  Mucus  is  present  in  large  amount^  especially  in  catarrh  of  the  bladder.  It  contains 
numerous  mucous  corpuscles,  which  are  scarcely  distinguishable  from  pus  corpuscles.  They  con- 
tain albumin,  so  that  urine  containing  much  mucus  is  albuminous  ;  mucin  is  not  precipitated 
by  heat,  but  acetic  acid  gives  a  flocculent  precipitate  in  clear  urine.  [Minute  traces  of  mucin 
occur  normally  in  urine.  If  clear  normal  urine  be  set  aside  for  a  short  time,  a  flocculent  hazi- 
ness, like  a  cloud  of  cotton  wool,  is  seen  floating  in  the  urine.  This  is  mucus  entangling  a  few 
epithelial  cells  from  the  genito-urinary  tract.  Mucin  Reaction.— According  to  W.  Roberts, 
the  addition  of  a  concentrated  solution  of  citric  acid  to  urine,  as  in  Heller's  test  (§  264,  a), 
where  the  two  fluids  meet,  causes  an  opalescent  zone  gradually  to  be  formed  above  the  layer  of 
acid.] 

265.  BLOOD  (HiEMATURIA)  AND  BLOOD-PIGMENT  (HiEMOGLOBIN- 
URIA)  IN  THE  URINE.— I.  Source  of  the  Blood.— (1)  In  hsematuria,  the 

blood  may  come  from  any  part  of  the  urinary  apparatus. 

1.  In  hjEmorrhage  from  the  kidney,  the  amount  of  blood  is  usually  small  and  well  mixed 
with  the  urine.  tIic  presence  of  "  blood-cylinders,"  long  microscopic  blood  coagula,  casts  of 
the  uriniferous  tubules,  washed  out  of  them  by  the  urine,  is  characteristic  when  they  are  found 
in  the  urine  (fig.  332).  The  urine  usually  has  a  smoky  appearance.  [Tlie  urine  slowly  dissolves 
out  the  colouring  matter,  the  stroma  of  the  corpuscles  after  a  time  being  deposited  as  a  brownish 
sediment.  The  smoky  hue  occurs  only  in  acid  urine  ;  if  the  urine  becomes  alkaline,  the  hue 
becomes  brighter  red.]  The  blood-corpuscles  show  peculiar  changes  of  form,  [they  become 
crenated]  (fig.  320),  and  exhibit  evidence  of  division,  due  to  the  action  of  urea  on  them  (§  5). 

°  Large  coagula  are  never  found  in  urine  mixed  with 

r,     0       blood  derived  from  the  kidney.    2.  In  hemorrhage 
CP    (  r  O  ^    ^^"^^       ureter,  we  occasionally  find  worm-like  masses 
W       Q  ß|Q^(.gj^  blood,  casts  of  the  canal  of  the  ureter.  3. 

/-)  0  The  relatively  largest  coagula  occur  in  haemorrhage 

U      Ö  /]      fi'om  the  bladder.    In  all  cases  where  blood  is  present, 
^      we  must  examine  microscopically  for  the  blood-corpus- 
^     cles,  and  it  may  be  for  coagula  of  fibrin.    In  acid  urine, 
blood-corpuscles,  but  never  arranged  in  rouleaux,  may 
Fio-  320.  Fig.  321.  be  found  after  two  or  three  days.    The  blood-corpuscles 

320  -Crenated  red  blood-corpus-  settle  as  a  red  sediment  at  the  bottom._  If  the  h^emor- 
rig.  t  u  t        rhage  is  copious,  many  retain  their  original  shape,  but 

ptilSr  d;ar;g:s'of%he^  if         uriii^  is  very  concentrated,  they  may  become 

corpuscles  in  renal  ha^maturia.  ciena^e^^.  ^^^^^^      ^  ^^^^^  ^^^^  ^^^^  haemorrhage  from 

ruptured  small  capillaries,  the  red  blood-corpuscles  are  of  unequal  size,  many  4  to  t  the  size 
of  normal,  while  the  pigment  has  become  brownish-yellow  (fig.  321).  ^       , ,  ^  , 

If  a  htemorrhage  of  this  kind  be  accompanied  by  catarrhal  inflammation  of  the  bladder,  there 
is  found  between  the  red,  numerous  shrivelled  leucocytes  (fig.  321),  which  in  freshly  passed  urine 
often  exhibit  lively  amoeboid  movements.  If  the  urine  be  alkaline,  as  it  usually  is,  crystals  of 
triple  phosphate  also  occur.  ■  r 

If  the  remains  of  the  red  blood-corpuscles  become  very  pale,  their  presence  may  be  frequently 
ascertained  by  adding  iodine  in  a  solution  of  KI  (fig.  321).  Blood  is  constantly  present  m  the 
urine  during  menstruation. 

II.  Hsemoglobinuria  is  quite  distinct  from  hsematuria.  It  depends  upon  the 
excretion  of  hsemoglobin  as  such  through  the  kidneys,  and  it  is  produced  when 
hemoglobin  occurs  free  within  the  blood-vessels,  as  in  cases  where  the  coloured 
blood-corpuscles  have  been  dissolved  inside  the  blood-vessels  (hsemocytolysis). 

It  occurs  when  foreign  blood  is  transfused,  e.g.,  when  lamb's  blood  is  transfused  into  man. 
The  foreign  blood-corpuscles  are  dissolved  in  the  blood  of  the  recipient,  and  the  hiemoglobin 
appears  in  the  urine  (§  102).  In  addition,  microscopic  "cylinders,"  or  "  casts,"  consisting  of  a 
crlobulin-like  body,  tinged  yellow  with  haemoglobin,  may  likewise  be  found  in  the  urme.  It 
also  occurs  in  cases  of  severe  burns  (§  10,  3)  ;  after  decomposition  of  the  blood  m  pyaemia, 
scorbutus,  purpura,  severe  typhus,  after  respiring  arseniuretted  hydrogen  and  after  the 
passage  of  azobenzol,  naphtol,  pyrogallic  acid,  potassic  chlorate,  chloral,  phosphorus,  or  carbolic 
acid  into  the  circulation.  [The  injection  of  laky  blood,  water,  ether,  glycerin  {Adams),  or 
toluylendiamin  {Affanassiew),  also  causes  it,  and  in  such  cases  AfFanassiew  asserts  that  the 
Hb  passes  out  through  the  glomeruli,  while  brown  degeneration-products  of  the  red  blood- 
corpuscles,  which  are  dissolved  by  these  agents,  were  found  in  the  convoluted  tubules.]  These 
substances  cMssolve  the  red  blood-corpuscles.  Sometimes  it  occurs  periodically  from  causes 
and  conditions  as  yet  but  little  unaerstood,  e.g.,  the  application  of  cold  to  the  skin. 
[In  paroxysmal  hsemoglobinuria,  which  occurs  during  periodic  febrile  attacks,  hsenioglo- 
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bin  may  be  present  in  the  urine,  but  generally  there  is  also  methfemoglobin,  wliich  does 
not  seem  to  be  due  to  the  action  of  the  urine  on  the  pigment,  but  the  meLhreino>;lobin  seems  to 
be  secreted  as  sn^h  in  the  kidney.] 

Tests  for  Blood  in  Urine.-l.  The  colour  of  bloody  urine  shows  every  tint,  from  a  faint  red 
to  a  dark  blacl^isli-brown,  accord- 
ing to  the  amount  of  blood  present. 
The  urine  is  often  turbid. 

2.  Urine    containing    blood  or 
blood-pigment  contains  albumin. 

3.  Heller's  Blood  Test.— Add  to 
urine  half  its  volume  of  solution  of 
caustic  potash,  and  heat  gently. 
The  earthy  phosphates  are  preei{ii- 
tated,  and  they  carry  the  htematin 
with  them,  falling  as  garnet-red  floc- 
culi.    [This  is  nor  a  reliable  test.] 

4.  Haemin  Test.— The  coloured 
earthy  phosphates  may  be  collected 
on  a  filter,  and  from  them  hfemin 
may  be  |)repared  as  directed  in  §  19. 

5.  Almen's  Test.— Add  to  urine, 
freshly  prepared  tincture  of  guaia- 
cum  and  ozonised  ether  ;  a  blue 
colour  indicates  the  presence  of 
blood  (§  37). 

6.  Spectroscope  (see  §  14).  Fig.  324  shows  the  arrangement  of  the  apparatus.  The  urine  is 
placed  111  a  glass  vessel,  D,  with  parallel  sides,  1  centimetre  apart  (liEematinometer).  Light 
trom  a  lamp,  L,  passes  through  the  fluid.    The  lamp,  F,  illuminates  the  scale,  which  is  seen  by 
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Fig.  323. 


Fig.  322.— Coloured  and  (a)  colourless  blood-corpuscles  of 
various  forms.  Fig.  323.— Shrivelled  blood-corpuscles 
in  urine  (catarrh  of  the  bladder),  with  numerous  lymph- 
corpuscles,  and  crystals  of  triple  phosphate,  x  3.50. 


Fig.  324. 

Spectroscope  for  investigating  the  presence  of  hjemoglobin  in  urine. 

the  observer  through  the  telescope,  A.  (a)  Fresh  urine  containing  blood  gives  the  spectrum 
of  oxyhemoglobin  (fig.  23).  (&)  When  bloody  urine  is  exposed  for  some  time,  especially  in 
a  wann  place,  it  becomes  more  acid,  and  assumes  a  dark  brownish-black  colour.  The  hfeino- 
globin  Decoraes  changed  into  methgemoglobin  (§  15).  It  is  precipitated  by  lead  acetate,  which 
does  not  precipitate  oxyhaeraoglobin  ;  the  spectrum  <,f  methajmoglobin  resembles  that  of  hfematin 
in  an  acid  solution  (§  15,  fig.  26).  The  spectra  may  be  combined,  (c)  The  microscopic  investi- 
gation must  never  be  omitted.    The  shape  of  the  corpuscles  may  vary  considerably  (fiag  320- 
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^4  BILE  AND  SUGAR  IN  URINE.  [SeC.  266. 

266.  BILE  IN  URINE  (CHOLURIA).— The  physiological  conditions  which 
cause  the  bile  constituents  to  appear  in  the  urine  are  mentioned  in  part  at  §  180. 

Hematogenic  or  Anhepatogenic  Icterus  {Quincke),  occurs  when  bilirubin  (§  20)  i«  f™ed 
from  extra5asatecl  blood  by  the  action  of  the  connective-tissue  corpuscles,  so  that  bile  pigments, 
in  addition  to  colouring  the  tissues,  pass  into  the  nrine.  „  .  ^  ,  ,    ,     ^       iTy  v„^r.A\r.\ 

I  Bile  Pigments. -Their  presence  is  ascertained  by  Gmelin-Heintz's  test.  (?r.e7r  (Bi  iverdm) 
is  the^characteristic  hue  in  the  play  of  colours  obtained  with  this  test,  which  is  iully  described 

"'ModificationsoftheTest.-!.  If  icteric  urine  be  filtered  through  filtering  or  blotting  p^^^^^^^ 
a  drop  of  nitric  acid  containing  nitrous  acid,  when  applied  to  the  inner  «^J'f^lif^^ 
out  filter,  gives  a  yellowish-coloured  ring  {Rosenhach)     2   In  order  that  the  ^^^J^ij  ^n^^  ^^^^^^ 
take  pla<;e  too  rapidly,  add  a  concentrated  solution  of  sodic  nitrate,  and  then  «j«^  Y  ^^^^^^^ 
suluh  nie  acid  [FleiscU).    3.  On  shaking  50  c.c.  of  icteric  urine  with  10  c^c   of  chlmofoim 
1  e  bilirubin  is  dissolved  by  the  latter.    On  adding  bromide  water,  a  beautiful  ;?"g  «f/«;«  f 
is  obtained  {Mcdy).    If  the  chloroform  extract  be  treated  with  ozonised  turpentine  and  dilute 
caustic  potash,  a  green  colour,  due  to  biliverdin,  occurs  m  the  watery  fluid  ^f^^^lf)' 

[Marichal's  Test.-Pour  tincture  of  iodine  (B.P.)  on  the  surface  of  the  urine  m  a  test-tube. 
A  green  colour  appears  if  bile  pigments  are  present.]  . 

In  slight  degrees  of  jaundice,  urobilin  alone  may  be  ound  (§  261,  ^nQi''^ncke) 

In  pe"sisten"t  high  itver,  the  urine  contains  especia  ly  biliprasm  {Huppf^).  ^fit^ontains 
choletelin  alone,  add  to  the  urine  some  hydrochloric  acid,  and  examine  it  with  the  spectioscope, 
which  gives  a  pale  absorption-band  between  h  and  .F  (§  177,  3,/).  _ 

Hsematoidin^-Sometimes  crystals  of  hmnatoidin  (§  20,  fig.  27)  appear  in  the  urine  especially 
when  blood-corpuscles  are  dissolved  within  the  blood-stream  ;  oc^««\""^^ly  ^«^^^^^^^^^^^^ 
typhus,  and  sometimes  in  cases  of  periodic  ha^moglobiniiria.  The  breaking  ^^P  oUl  ^^^^^^^^^ 
clots  in  the  urinary  passages,  as  in  pyonephrosis  (^to.),  or  the  ^^^^«olution  ot  necioüc  aieas 
(Hofmannand  £^/L'a7m)  produces  them,  and  similar  crystals  occnr  m  analogous  cas^s  in  the 
spuUim  (§_  138).    In  jaundice  due  to  congestion  (§  180),  the  identical  crystalline  substance, 

^'"ilMielcMs  occur  in  largest  amonnt  in  absorption  jaundice  but  they  are  "ever  present  to 
any  extent.  The  test  is  described  at  §  177,  2,  the  cane-sugar  solution  consisting  of  0  5  grm.  to 
1  litre  of  water.  If  the  urine  be  dilute,  it  is  advisable  to  concentrate  it  on  a  water- bath  Lit 
is  rare  to  get  a  satisfactory  result  with  Pettenkofer's  test  in  ordinary  icteric  urine  ] 
Pettenkofer's  test  may  be  used  with  the  alcoholic  extract  of  the  nearly  dry  residue,  but  no 
albumin  must  be  present.    DragendorlT  found  O'S  grm.  in  100  ^^^res  of  7iormaZ  urme^ 

Strassburg's  Modification. -Dip  filter  paper  into  the  urine,  to  which  a  little  ^^^i^e-sugai  has 
been  added  f  dry  the  paper  and  apply  to  it  a  drop  of  sulphuric  acid.    A.  violet  red  colou 
obtained  after  a  short  tiie.    [Hays  Reaction  (§  177).    Icteric  urine  precipitates  the  albumm 
in  a  solution  of  acid-albumin  (§  181  G.).] 

267  SUGAR  IN  URINE  (GLYCOSURIA).— Diabetes  MelUtus.— The  exces- 
sively minute  trace  of  grape-sugar  or  dextrose,  which  is  constantly  present  m  normal 
urine,  sometimes  becomes  greatly  increased  and  constitutes  the  conditions  ot 
diabetes  meUitus  and  glycosuria.  The  physiological  conditions  which  determine 
this  result  are  given  at  §  175.  In  this  condition,  the  quantity  of  urine  is  greatly 
increased  ;  it  may  reach  10  or  more  litres.  Many  pints  may  be  passed  daily,  [ihe 
usual  abnormal  amount  of  sugar  is  from  1  to  8  per  cent.,  although  15  per  cent,  has 
been  found,  i.e.,  from  5  to  50  grs.  per  fluid  oz.,  or  300  to  3000  grs  m  twenty-four 
hours.]  The  specific  gravity  is  also  increased  (1030  to  1040).  [In  a  case  where 
a  large  amount  of  urine  is  passed  of  a  pale  colour  and  a  specific  gravity  above  lUdU, 
always  suspect  sugar.]  A  diabetic  person  gives  off  relatively  more  water  by  the 
kidneys  and  less  by  the  skin  (and  lungs?)  than  a  healthy  person.  The  colour  is 
very  pale  yellow,  although  the  amount  of  pigment  is  by  no  means  diminished— it 
is  only  diluted  [the  depth  of  the  colour  being  inversely  as  the  quantity  passed] 
The  amount  of  the  nitrogenous  urinary  excreta  is  increased.  The  sugar  is  increased 
by  a  diet  of  carbohydrates  and  diminished  by  an  albuminous  diet.  The  uric  acia 
and  oxalate  of  lime  are  often  increased  at  the  commencement  of  the  disease,  while 
yeast  cells  are  constantly  present  after  the  urine  has  been  exposed  to  the  air  tor 

some  time.  p      ,         •  f 

rin  diabetes  insipidus  there  is  a  very  copious  secretion  of  watery  urine  without 
the  presence  of  sugar.  It  may  be  produced  experimentally  by  injury  to  a  certain  part 


Sec.  267.] 


TESTS  FOR  SUGAR. 


of  the  floor  of  the  fourth  ventricle,  and  it  occurs  as  a  diseased  condition.  It  seeniß 
to  depend  on  some  derangement  of  the  central  vaso-motor  apparatus  of  the  kidney.] 

Sugar  has  been  found  occasionally  [i.e. ,  transitory  glycosuria]  after  poisoning  with  or  after 
the  use_  of  morphia,  CO,  chloral,  chloroform,  curare  (?)  (p.  517);  after  the  injection  of  ether  and 
amyl-nitrite  into  the  blood;  and  in  gout,  intermittent  fever,  cholera,  cerebro-spiual  meningitis, 
hepatic  cirrhosis,  and  cardiac  and  pulmonary  affections. 

[There  is  no  doubt  that  normal  healthy  human  urine  contains  one  or  more  reducing  agents, 
which  reduce  cupric  oxide  to  the  same  extent  as  if  the  urine  on  an  average  contained^Ö  grains 
of  glucose  in  every  10  fluid  ounces  of  urine,  or  1-34  grms.  per  litre.  As  this  substance  does 
not  cause  alcohohc  fermentation  in  its  solutions,  its  identity  with  glucose  ai^pears  to  be 
doubtful.  The  most  active  reducing  agent  is  probablv  kreatinin  (6^.  ,S'.  Johnson).  But 
Jechlings  solution  is  also  reduced  by  uric  acid,  hippuric  acid,  pyrocatechin,  and  glycuronic  acid 
(p.  517).  The  only  way  to  distinguish  these  from  dextrose  is  the  fermentation-test.  N"one  of 
them  ferment  with  yeast  to  yield  alcohol  and  COo.] 

Testsfor  sugar.— Any  of  the  tests  described  "at  §  149  may  be  used,  but  the  urine  must  be 
tree  from  albumin.  The  quantitative  estimation  by  fermentation  and  the  titration  methods 
are  described  in  §  149.  [The  tests  for  grafie-sugar  described  in  §  149  are  (1)  Tromnier's  ;  (2) 
Fehlings;  (3)  Moore  &  Heller's;  (4)  Böttger's  ;  (5)  Mulder  &  Neubauer's  ;  (6)  Fermentation 
test ;  (7)  Molisch  s  test.] 

8.  Worm-MüUer  recommends -'^^..following  modification  of  Fehling's  test :— Use  a  2-5  per 
cent,  solution  of  cupric  sulphate  solution,  and  another  of  10  parts  of  sodio-potassic  tartrate  in 
100  parts  of  4  per  cent,  solution  of  soda.  Boil  5  c.cm.  of  urine  in  a  test-tube,  while  in  a  second 
test-tube  IS  boiled  1  to  3  c.cm.  of  the  copper  solution  and  2-5  c.cm.  of  the.  potassic-tartrate 
solution.  The  boiling  of  both  fluids  is  stopped  simultaneously,  and  after  20  to  25  seconds  the 
contents  of  one  test-tube  are  added  to  those  of  tlie  other,  but  without  shaking  the  mixture,  the 
reduction  taking  place  spontaneously. 

9.  Nylander's  modification  of  Böttger's  test  is  also  good  (§  149). 

[10.  Picric  Acid  and  Potash  Test.— Braun  showed  that  grape-sugar,  when  boiled  with  picric 
acid  and  potash,  reduces  the  yellow  picric  acid  to  the  deep  red  picramic  acid,  the  depth  of  the 
colour  depending  on  the  amount  of  sugar  present.  Dr  Johnson  uses  this  test  for  detecting  the 
presence  of  sugar  in  urine,  and  also  for  estimating  the  amount  of  sugar  present,  the  depth  of  the 
red  colour  obtained  on  boiling  being  compared  with  a  standard  dilution  of  ferric  acetate  In 
doing  the  test,  use  1  drachm  of  urine,  1  a  drachm  of  liquor  potass*,  and  10  minims  of  picric 
acid  solution  _;  make  up  to  2  drachms  with  distilled  water,  and  boil  the  mixture  for  one  minute, 
ihis  test  indicates  the  presence  of  0-6  grain  of  sugar  per  fluid  ounce  of  normal  urine.  Dr 
Johnson  claims  for  this  test  that  it  possesses  all  the  advantages  of  the  other  tests,  while  it  is 
not  attected  by  uric  acid  or  any  other  normal  ingredient  of  urine  ;  neither  does  the  presence  of 
albumin  interfere  with  the  action  of  the  test  as  it  does  with  all  the  forms  of  copper  testing.! 

[11.  Indigo-carmme  Test.— A  blue  solution  of  11  oJ 

this  substance,  when  boiled  with  diabetic  urine 

containing  sodic  carbonate,  changes  from  a  blue  to  \v\V\\l'l'7//  /  "^^-^^^  / 
a  violet,  purple,  red,  yellow,  and  finally,  straw-  '  ~  ' 

yellow  colour.    After  cooling  and  exposure  to  the  I  / 

air,  the  various  colours  are  obtained  in  the  reverse  / 
order  until  the  mixture  becomes  blue  again.  Dr  - 
Oliver  uses  this  test  in  the  form  of  test-papers.  '  ^ 

One  bibulous  paper  is  impregnated  with  the  indigo- 
carmine  and  the  other  with  sodic  carbonate.  Drop 
one  of  the  test-papers  and  a  sodic  carbonate  paper 
into  a  test-tube  containing  li  inch  of  water,  heat 

gently,  when  a  blue  solution  is  obtained.    Add  the  1 
urine  slowly,  one  drop  at  a  time,  and  boil  the  \ 
mixture,  observing  any  change  of  colour  by  holding  : 
the  tube  against  a  white  surface  below  the  level  of 
the  eye.    Uric  acid  and  urates,  which  reduce  Feh- 
ling's solution,  do  not  affect  the  carmine  test,  nor  .,'    ' ^'i-  ;  .        -         .  \ 
does  kreatinin,  although  it  reacts  with  the  picric  'i'    /  '       -      -  -  -'^''%Cri  \'  ^ 
acid  test.]  -^-^^ 

[12.  Phenylhydrazin  Test.— It  depends  on  the  ir,-«.  o.jk 

fact  that  glucose  forms  with  phenyl-hydrazin  a  ^' 

characteristic   body,    phenyl-glucosazon,    which  Phenyl-glucosazon  crystals  from  urine  con- 
takes  the  form  of  yellow  needles,  and  is  but  little  taining  sugar, 
soluble  in  water.    Two  parts  of  phenyl-hydrazin 

chloriile  and  three  of  sodic  acetate  are  placed  together  in  a  test-tube  containing  6-8  c.c.  urine, 
and  the  test-tube  is  placed  for  20-30  minutes  in  boiling  water.  After  this  the  tube  is  put  into 
a  vessel  containing  cold  water.    If  sugar  be  formed,  a  yellow  deposit  separates,  which,  when 


5i6 


ESTIMATION  OF  SUGAR. 


[Sec.  267. 


examined  with  the  microscope,  is  seen  to  consist  of  crystals  of  phenyl-glucosazon,  either  detached 
or  arranged  in  clusters  (fig.  325).    The  substance  melts  at  205°  C.    Albumin,  if  present,  should 

be  got  rid  of  previously.  .      „    ,  m  i     ^       /-.r.^  \ 

[Quantitative  Estimation  of  Siigar.-(a)  rermentation  Test  (§  150).  lake  4  oz.  (120  c.c.) 
of  the  urine  •  add  a  lump  of  German  yeast,  about  the  size  of  a  Avalnut,  lightly  cork  the  bottle, 
and  place  it  aside  for  twenty-four  hours  in  a  moderately  warm  place,  e.g.,  on  the  mantelpieo^. 
Take  the  specific  gravity  before  and  after  the  fermentation.  Thus,  if  the  specific  gravity  be 
1038  before  and  1013  afterwards,  the  ditlerence  or  "density  lost  is  25,  \yhich  gives_25  gl■s^  ot 
sugar  per  fluid  oz.  {EobeHs).  If  it  be  desired  to  get  the  percentage,  multiply  the  density  lost  by 
0-23,  thus  25  x  0-23  =  5-69  in  100  parts.]  ,  . 

[(b)  Volumetric  Analysis  of  Sugar.— 10  c.c.  of  Fehling's  solution  =  "05  gram  ot  sugar. 
1.  Ascertain  the  quantity  of  urine  passed  in  twenty-four  hours.  2.  Filter  the  urine,  and 
remove  any  albumin  present  by  boiling  and  filtration.  3.  Dilute  10  c.c.  of  Fehling  s  solution 
with  about  twenty  times  its  volume  of  distilled  water,  and  place  it  m  a  white  porcelain  t-apsule 
on  a  wire  gauze  support  under  a  burette.  (It  is  diluted  because  any  change  of  colour  i«  "lore 
easily  obse^-ved. )  4.  Take  5  c.c.  of  the  urine,  and  95  c.c.  of  distilled  water,  and  place  the  diluted 
urine  in  a  burette.  5.  Gradually  boil  the  diluted  Fehling's  solution,  and  whilst  it_  is  boi  mg 
gradually  add  the  diluted  urine  from  the  burette,  until  all  the  cuprous  oxide  is  precipitated  as 
t  reddish  powder,  and  the  supernatant  fluid  has  a  straw-yellow  colour,  not  a  trace  ot  blue  re- 
maining. Read  off  the  number  of  c.c.  of  dilute  urine  emplo^.  Say  36  c.c.  were  used— that, 
of  coulee,  represents  I'S  c.c.  of  the  original  urine,  ^üfß^  the  patient  passes  1550  c.c.; 
as  1-8  c.c.  of  urine  reduced  all  the  cupric  oxide  in  thea#^c.c.-«^^ehling  s 
contain  '05  gram  sugar,  hence,  /  ^ 

1550  X  •05_^5^y.F^  grams  of  sjhgar  passed  in  24  hours.] 


solution,  it  must 


1-8  :  1550 


•05 


rPreparation  of  Fehling's  Solution.— 34-64  grams  of  pure  crystalline  cupnc  sulphate  are 
powdered  and  dissolved  in  200  c.c.  of  distilled  water ;  in  another  vess^el 
dissolve  173  grams  of  Rochelle  salts  in  480  c.c.  of  pure  caustic  soda,  speciiic 
crravity  I  -14.  Mix  the  two  solutions,  and  dilute  the  deep-coloured  fluid 
which  results  to  1  litre.  A^.^.— Fehling's  solution  ought  not  to  be  kept 
too  long  ;  it  is  apt  to  decompose,  and  should  therefore  be  preserved  from 
the  light,  or  protected  with  opaque  paper  pasted  on  the  bottle.  Soine 
other  substances  in  urine,  e.g.,  urates'and  uric  acid,  reduce  cnpric  oxide.J 

(c)  According  to  Worni-Mliller,  the  polarization  method  is  almost  value- 
less for  diabetic  urine.  -,  1   ^.1    -.n  •  -u 
rPicro-Saccharimeter.- G.  Johnson  uses  a  stoppered  bottle  12  inches 
-  - ■   '  •     \ths  and  li^ths  (fig.  326). 


To  it  is 


long  and  f  inch  wide,  graduated  in  ^„  _ 

fixed  a  shorter  bottle  containing  the  standard  iron-solution  for  comparison 
a  standard  solution,  composed  of  liquor  ferri  per(;hloiide  5j,  liq.  ammon 
acetatis  3iv,  glacial  acetic  acid  5iv,  liq.  ammoiiise       and  water  to  inake 
up  Siv.    All  B.P.  preparations  give  a  colour  identical  with  a  s^olution 
containing  1  gr.  of  grape-sugar  per  oz.,  reduced  by  picric  acid  and  after- 
-  "       •  ^     -.  s^igrar  per  oz.  After 


picri 


wards  diluted' four  times,  so  that  this  tint  =i  gr.  of  sugar  per  oz 
reducing  the  sugar  with  the  picric  acid,  pour  into  tbe  tall  tube  the  dark 
saccharine  liquid  produced  by  boiling  to  occupy  ten  divisions  of  the  tube, 
and  add  distilled  wat^-  cautiously  until  the  colour  approaches  that  ot  the 
standard  ;  read  off"  the  level  of  the  fluid.  The  amount  ot  sugar  present  is 
determined  from  the  amount  of  water  added.  In  making  the  test  the 
•ic  acid  must  be  added  in  proportion  to  the  amount  of  sugar  present.] 
If  large  quantities  of  dextrose  are  taken  in  the  food,  a  part  of  it  (and 
more  in  diabetic  persons)  appears  in  the  urine.  Lsevulose,  when  taken 
internally,  does  not  increase  the  amount  of  sugar  m  diabetes  Ihe  free 
use  of  starch  does  not  cause  glycosuria  in  health,  but  m  diabetes  it  in- 
creases the  amount  of  sugar.  A  large  consumption  of  cane-  or  milk-sugar 
causes  the  passage  of  small  quantities  of  both  of  these  sugars  into  the  urine 
in  health,  while  in  diabetes  the  amount,  of  dextrose  is  increased  (  Worm- 
Alüller).  According  to  Külz,  in  diabetic  persons  cane-sugar  splits  up  into 
arape-  and  f.uit-sugar,  the  latter  being  used  up  in  the  body,  and  the  former 
partly  excreted  ;  and  the  same  is  the  case  with  milk-sugar. 

In  severe  cases  of  diabetes  mellitus,  Külz  found  the  left-rotatory  ^-oxy- 
butyric  acid  (the  next  highest  analogue  of  lactic  acid)  in  the  urine,  from 
which  acetic  acid  is  formed  by  oxidation  (§  175),  which  in  its  turn  readily 
vields  COo  and  aceton.  a-crotonic  acid  is  formed  in  urine  by  thn  removal 
of  water  "from  oxybutvric  acid  in  the  urine  in  diabetes  {Stadelmann). 
The  administration  of  aceton  causes  albuminuria,  and  this  may  in  part  explain  m  some  cases 
the  complication  of  albuminuria  in  diabetes  {Alhertoni  and  Pisenti). 


Fig.  326. 
Picro-  saccharimeter 
of  G.  Johnson. 
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[Glycuromc  acid(C6Hio07)  occurs  in  such  excessively  small  quantities  in  normal  urine 
that  It  may  be  regarded  as  absent.  It  is  the  substance  which  above  all  others  is  most  liable  to 
be  mistaken  for  sugar  (p  515).  The  other  substances  mentioned  on  p.  515  which  reduce 
J^ehhngs  solution,  do  so  only  to  a  small  extent,  but  glycuronic  acid  does  so  like  dextrose  It 
occurs  in  the  urine  in  large  amount  after  the  administration  of  chloroform,  chloral  butyl- 
chloral,  curare,  and  morphia.  _  It,  however,  does  not  undergo  the  alcoholic  fermentation. 
Ashdown  has  recorded  a  case  in  which  it  appeared  in  the  urine  without  any  drugs  being 
adnmnsteivd.]  j       0  0 

_  Aceton  [CstT^O]  or  Aceton-yielding  substance,  probably  aceto-acetic  acid,  is  sometimes  found 
in  diabetic  urine.  It  has  a  peculiar  vinous  odour,  and  it  has  been  detected  in  the  urine  durin«- 
fever.  Gerhardt  descril)ed  a  peculiar  substance  in  diabetic  urine,  which  gave  a  deep  red  colour 
with  perchloride  of  iron.  This  substance  is  probably  ethyl-diacetic  ether  raH„0,l  and  he 
considered  it  to  be  the  source  of  aceton  ;  but  it  is  more  probably  derived  from  aceto-ace'tic  acid, 
viiff/"  A  r  l^^s  been  confounded  with  aceton,  but  the  iron  test  distinguishes  them.] 
Tests  for  Aceton  -(1)  Perchloride  of  iron  =  Burgundy-red  colour  ;  but  this  is  no"t  reliable.  (2 
Lieben  suggested  an  iodoform  test.  Dissolve  20  grains  of  KI  in  a  fluid  drachm  of  liq.  potassa^ 
and  boil  the  fluid.  Pour  the  suspected  urine  on  the  surface,  when  a  ring  of  phosphates  is 
deposited  from  the  urine  by  the  hoc  alkaline  solution.  If  aceton  be  present  after  a  time  the 
deposi  becomes  ye  low,  and  yellow  granules  of  iodoform  appear  and  sink  to  the  bottom  of  the 
test-tube.    The  only  other  substance  which  may  be  met  with  in  the  urine  giving  this  reaction 

Milk-sugar  is  sometimes  found  in  the  urine  of  women  who  are  nursing  ;  when  the  secretion 
of  milk  IS  arrested,  absorption  taking  place  from  the  breasts  {Kirsten,  Spiegelberg).  L^vulose 
is  sometimes  found  111  diabetic  urine  (§  252).  '   ^  J  J) 

Dextrin  has  also  been  found  in  diabetic  urine.  Inosit,  or  muscle-sugar  rs  252) 
found  m  diabetes,  in  polyuria,  and  albuminuria.  It 
is  found  in  traces  even  in  normal  urine.  Occa- 
sionally, after  the  piqure  in  animals  (§  175), 
inosit,  instead  of  grape-sugar,  appears  in  the  urine 
(fig.  327).  In  testing  for  inosit,  remove  the  grape- 
sugar  by  fermentation,  and  the  albumin  by  heat 
after  the  addition  of  a  few  drops  of  acetic  acid 
and  sodic  sulphate.  Some  of  the  filtrate  is  eva- 
porated nearly  to  dryness  on  a  capsule.  To  the 
residue  add  two  drojis  of  mercuric  nitrate  (Liebig's 
titration  fluid  for  urea),  which  gives  a  yellow 
precipitate.  When  this  coloured  residue  is  spread 
out  and  carefully  heated,  a  dark  red  colour,  M'hich 
disappears  on  cooling  is  obtained  .{Gallois,  Külz). 
Inosic  gives  a  green  when  boiled  with  Fehling's 
solution.] 

[Diazo-reaction  or  Ehrlich's  reaction  This 

reaction  is  never  given  by  normal  urine,  but  it  is 
given  by  the  urine  in  typhoid  fever  {Rutimeyer), 
acute  tuberculosis,  &c.  Its  exact  clinical  signifi- 
cance is  unknown.  Two  solutions  are  required— (1) 
a  concentrated  solution  of  sulphanilic  acid,  and  (2)  Inosit  crystallised  partly  from  alcohol  and 
a  solution  of  sodium  nitrate  (1  in  200).    200  c.c.  partly  from  water, 

of  (1)  are  mixed  with  10  c.c.  of  pure  HCl  and  6  c.c. 
of  (2).    Mix  equal  quantities  of  this  mixture  and  urine 
ammonia  ;  a  bright  carmine  red  constitutes  the  reaction, 
green  or  black,  on  its  upper  surface  occurs.] 


rendered  strongly  alkaline  with 
After  standing  24-36  hours  a  deposit, 


268.  CYSTIN  =  C^HjgNgSgO^— This  left-rotatory  body  occurs  very  seldom  in 
large  amount  m  urnie,  although  it  seems  to  be  a  constituent  of  normal  urine.  It 
may  be  ni  solution  or  in  the  form  of  hexagonal  crystals  (fig.  328,  A)  [the  latter 
only  in  acid  urine].  It  is  insoluble  in  water,  alcohol,  and  ether,  but  easily  soluble 
m  ammonia,  from  which  solution  it  may  be  crystallised.  According  to  Eaumann 
and  Preusse,  there  are  intermediate  products  of  the  metabolism,  from  which  are 
furnished  the  materials  necessary  for  the  formation  of  cystin.  During  normal 
metabolism  these  materials  undergo  further  changes,  and  the  sulphui^  appears 
oxidised  m  the  urme  as  sulphuric  acid.  In  rare  cases  these  oxidations  do  not 
take  place,  and  then  the  sulphur  appears  in  the  cystin  of  the  urine  {Stadthagen). 
Oystiu  IS  increased  m  phosphorus-poisoning  (Baumann). 
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269.  LEUCIN  =  C^'S^.^.'SO^-  TYROSIN  =  CgHi.NOg.— Both  bodies  occur  m  the 
urine  in  acute  yellow  atrophy  of  the  liver,  and  in  poisoning  by  phosphorus. 
(Their  formation  during  pancreatic  digestion  has  been  referred  to  in  §  170,  II.) 
As  the  urea  excreted  is  usually  diminished  at  the  same  time,  it  is  assumed  that,  m 
these  diseases,  the  further  oxidation  of  the  derivatives  of  the  proteids  is  interfered 
with.  Lencin,  which  is  either  precipitated  spontaneously  or  obtained  after 
evaporating  an  alcoholic  extract  of  the  concentrated  urine,  occurs  in  the  form  of 
yellowish-brown  balls  (fig.  329,  a,  a),  often  with  concentric  markings,  or  with 
fine  spines  on  their  surface.    When  heated  it  sublimes  without  fusing. 

Tyrosin  forms  silky  colourless  sheaves  of  needles  (fig.  329,  b,  h).  When 
boiled  Avith  mercuric  nitrate  and  nitric  acid  it  gives  a  red  colour,  and  afterwards  a 


Fig.  328. 

A,  crystals  of  cystin  ;  B,  oxalate  of  lime  ; 
c,  hour-fflass  forms  of  B. 


Fig.  329. 

a,  a,  leucin  balls  ;  h,  b,  tyrosin  sheaves  ; 


c,  double  balls  of  ammonium  urate. 

brownish-red  precipitate.  Piria's  Test.— When  slightly  heated  with  a  few  drops 
of  concentrated  sulphuric  acid,  it  dissolves  with  a  temporary  deep  red  colour.  On 
diluting  with  water,  adding  barium  carbonate  until  it  is  neutralised,  boding, 
filtering,  and  adding  dilute  ferric  chloride,  a  violet  colour  is  obtained  (Piria, 
Stcideler). 

270.  DEPOSITS  IN  UEINE.— Deposits  may  occur  in  normal  and  in  patho- 
logical urine,  and  they  may  be  either  "organised"  or  "unorganised." 

I.  Organised  Beposits. 

A  Blood  :  red  and  white  blood-corpuscles  and  sometimes  fibrin  (figs.  320-322). 

b'  Pus  in  greater  or  less  amount  in  catarrh  or  inflammation  of  the  urinary  passages.  I  ns 
cells  exactly  rlsemble  colourless  blood -corpuscles  (figs.  14,  323).  Bonne's  Test. -Pour  off  the 
supernatant  fluid  and  add  a  piece  of  caustic  potash  to  the  deposit ;  if  it  be  pus  it  becomes 
gelatinous,  ropy,  and  more  viscid  (alkali-albuminate).  Mucus,  when  so  acted  on,  becomes 
more  fluid  and  mixed  with  flocculi.  i   ^  t,         -4.  • 

C.  Epithelium  of  various  forms  occurs,  but  it  is  not  always  possible  to  say  whence  it  is 

derived. 

B.  Spermatozoa  may  be  present.  ,   .  ,t  i 

E  Lower  organisms  occur  in  the  urinary  passages  very  seldom,  but  they  may  be  present,  e^g., 
in  the  bladder,  when  germs  are  introduced  from  without  by  means  of  a  dirty  catheter.  [Before 
introducing  a  cathetei  into  the  bladder  one  ought  always  to  make  sure  that  the  instrument  is 
perfectly  aseptic]  Micrococci  are  found  in  the  urine  in  certain  diseases,  e.g. ,  diphtheria,  ihe 
following  forms  are  distinguished  : — 
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1.  Schizomycetes  (§  184).  Normal  human  uiiue  contains  neither  schizomycetes  nor  their 
spores.  In  pathological  conditions,  however,  fungi  may  pass  from  the  blood  into  the  nrinary 
tubules  and  thus  reach  the  urine  {Lcuhe).  During  the  alkaline  fermentation  of  urine,  micro- 
cocci  rod-shaped  bacteria  or  bacilli  (fig.  .3-30)  appear.    Sarcinae  belong  to  the  group  (§  186). 

2.  Saccharomycetes  (fermentation  fungi)  :  [a)  The  fungus  of  the  acid  urine  fermentation  (S. 
urinai)  consists  of  small  bladder-like  cells  arranged 
either  in  chains  or  in  groups  (ags.  316,  a;  330, 
f).^  {h)  Yeast  (S.  fermentum)  occurs  in  diabetic 
urine,  as  oval  cells  with  a  dotted  eccentrically- 
placed  nucleus  (fig.  292). 

3.  Phytomycetes  (moulds)  occur  in  putrid  urine 
(fig.  330,  e).  They  are  without  clinical  significance. 

F.  Tube  casts. — The  occurrence  of  tube  casts, 
i-e.,^  casts  of  the  uriniferous  tubules  {Henle, 
1837),  is  of  great  importance  in  the  diagnosis  of 
renal  diseases.  If  these  structures  are  relatively 
thick  and  straight,  they  probably  come  from  the 
collecting  tubules,  but  if  they  are  smaller  and 
twisted,  they  probably  come  from  the  convol- 
uted tubules.  _  There  are  various  forms  of  tube 
casts  :— 1.  Epithelial  casts,  consisting  of  the  actual  cells  of  the  uriniferous  tubules.  They 
indicate  that  there  is  no  very  great  change  going  on,  but  only  that,  as  in  catarrhal  inflammation 
of  any  mucous  membrane,  the  epithelium  is  in  process  of  desquamation.  2.  Hyaline  casts  (fig. 
337)  are  quite  clear  and  homogeneous,  usually  long  and  small;  sometimes  they  are  "finely 
granular,"  from  the  presence  of  fat  or  other  particles.  They  are  best  seen  after  the  addition  of 
a  solution  of  iodine.  They  are  probably  formed  from  albumin,  which  passes  into  the  uriniferous 
tubules.  They  are  dissolved  in  alkaline  urine,  while  acid  urine  favours  their  for- 
mation. They  usually  occur  in  the  late  stages  of  renal  disease,  after  the  tubular 
epithelium  has  been.  shed.  .3.  Coarsely  granular  casts  (fig.  336)  are  brownish- 
yellow,  opfique,  and  granular,  usually  broader  than  2.    There  are  various  forms. 

Not  unfrequently  there  are  fatty  granules,  and,  it  may  be,  epithelial  cells 
in  them.  4.  Amyloid  casts  occur  in  amyloid  degeneration  of  the  kidneys 
(fig-  337).    They  are  refractive  and  completely  homogeneous,  and  give  a 


Fig.  330. 

Fungi  in  urine,  e,  mould  ;  /,  yeast  ;  d,  g, 
micrococci  and  bacilli  ;  a,  b,  c,  uric  acid. 


Fig.  331. 


Fig.  332. 


Fig.  334. 


Fig.  335. 


Fig.  333. 

Fig.  331.— Epithelial  casts.    Fig.  332.— Blood  cast.    Fig.  333.— Leucocyte  cast.    Fig.  334.— 
Acid  sodic  urate  in  cylinders.    Fig.  335.— Finely  granular  cast. 

blue  colour  (amyloid  reaction)  with  sulphuric  acid  and  iodine.  5.  Blood  casts  occur  in 
capillary  hseniorrhage  of  the  kidney,  and  consist  of  coagulated  blood  entangling  blood-corpuscles 
(fig.  332).    When  tube  casts  are  present,  the  urine  is  always  alhuminms. 

Leucocyte  casts  occur  in  suppurating  conditions  of  the  urinary  tubules  (fig.  337).  The  urates 
in  the  form  of  casts  (fig.  334)  are  without  significance. 

II.  Unorganised  Deposits. 

Some  of  these  are  crystalline  and  others  are  amorphous,  and  they  have  been  referred  to  in 
treating  of  the  imnary  constituents. 

271.  SCHEME  FOR  DETECTING  URINARY  DEPOSITS.— I.  In  acid 
urine  there  may  occur — 

1.  An  amorphous  granular  deposit : 

{a)  Which  is  dissolved  by  heat  and  reappears  in  the  cold  ;  the  deposit  is  often  reddish  in 
colour  =  urates  (fig.  316). 
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(b)  Which  is  not  dissolved  by  heat  but  is  dissolved  by  acetic  acid,  but  without  efferves- 

cence =  probably  tribasic  calcic  phosphate. 

(c)  Small  bright  refractive  granules,  soluble  in  etber  =  fat  or  oil  granules  (§  41),  (Lipfemia). 

Fat  occurs  in  the  urine,  especinlly  when  the  round  worm,  Filaria  sanguinis  hominis, 
is  present  in  the  blood  ;  sometimes,  along  with  sugar,  in  phthisis,  poisoning  with 
phosphorus,  yellow  fever,  pytemia,  after  loiig-Cdutinued  sui>pnration,  and  lastly,  after 
the  iiijection'of  fat  or  milk  into  the  blood  (§  102).  It  occurs  also  in  fatty  degenera- 
tion of  the  urinary  apparatus,  admixture  with  pus  from  old  abscesses,  and  after  severe 
injuries  to  bones,'  In  these  cases  attention  ought  to  be  directed  to  the  presence  of 
Cholesterin  and  lecithin.  Very  rarely  is  the  fat  present  in  such  amount  in  the  urine 
as  to  form  a  cream  on  the  surface  (chyluria). 


Fig.  337 


Fig.  336.- 
renal 
calcic 
340 


II 


Fig.  339.       ,  Fig-  340. 

-Coarsely  granular  casts.    Fig.  337.-Hyaline  casts,  a  ■  b,  with  leucocytes  ;  c,  w-ith 
epithelium!   Fig.  338.-a,  Granules  of  calcic  carbonate  of  lime  ;  b,  c,  crystalhne  neutral 
phosjdiate.    Fig.  339.— Aramonio-magnesic  phosphate  or  triple  phosphate,  iig. 
Imperfect  and  feathery  forms  of  the  same. 

2.  A  crystalline  deposit  may  be — 

(a)  Uric  acid  (fig.  312).  . 

(b)  Calcinm  oxalate  (fig.  314)— octahedra  insoluble  in  acetic  acid. 

(c)  Cystin  (fig.  328). 

{d)  Lencin  and  tyrosin — very  rare  (fig.  329). 

.  In  alkaline  urine  there  may  occur —  ^  • 

1.  A  completely  amorphous  granular  deposit,  soluble  in  acids  without  eff^ervescence  -  tnbaßic 

calcium  phosphate. 

2.  Sediment  crystalline,  or  loith  a  characteristic  form. 

(a)  Triple  phosphate  (figs.  339,  340),  soluble  at  once  in  acids.  _ 
(&)  Acid  ammonium  urate- dark  yellowish  small  balls,  often  beset  with  spines,  also  amor- 
phous (fig.  341).  .  ,    T        *  -J    T     1  j-i 
(c)  Calcium  carbonate— small  whitish  balls  or  biscuit-shaped  bodies.    Acids  dissolve  them 
with  effervescence  (fig.  338). 
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(d)  Leucin  and  tyrosin  (fig.  329)— very  rare. 

(e)  Neutral  calcic  phosphate  and  long  plates  of  tribasic  magnesic  phosphate  (fig.  342). 
Organised  deposits  may  occur  both  in  alkaline  and  in  acid  urine  ;  pus-cells  are  more  abundant 

in  alkaline  urine,  and  so  are  the  lower  vegetable  organisms. 

272,  URINARY  CALCULI. — Urinary  concretions  may  occur  in  granules  thb 
size  of  sand,  or  in  masses  as  large  as  the  fist.  According  to  their  size  they  are 
spoken  of  as  sand,  gravel,  stone,  or  calculi.  They  occur  in  the  pelvis  of  the 
kidney,  ureters,  bladder,  and  sinus  prostaticus. 

We  may  classify  them  as  follows  {Ultzmann) : — 

1.  Calculi,  whose  nucleus  consists  of  the  sedimentary  deposits  that  occur  in  acid  urine 
(primary  formation  of  calculi).  They  are  all  formed  in  the  kidney,  and  pass  into  the  bladder, 
where  they  enlarge  by  the  deposition  of  matter  on  their  surface. 

2.  Calculi,  which  are  either  sedimentary  forms  from  alkaline  urine,  or  whose  nucleus  consists 
of  a  foreign  body  (secondary  formation  of  calculi).    They  are  formed  in  the  bladder. 

The  primary  formation  of  calculi  begins  with  free  uric  acid  in  the 
form  of  sheaves  (fig.  312),  which  form  a  nucleus,  with  concentric  layers 
of  oxalate  of  lime.  The  secondary  formation  occurs  in  neutral  urine 
by  the  deposition  of  calcic  carbonate  and  crystalline  calcic  phosphate  ; 
in  alkaline  urine,  by  the  deposition  of  acid  ammonium  urate,  triple 
phosphate,  and  amorphous  calcic  phosphate. 

Chemical  Investigation. — Scrape  the  calculus,  bnrn  the  scrapings 
on  platinum  foil  to  ascertain  if  they  are  burned  or  not. 

I.  Combustible  concretions  can  consist  only  of  organic  substances. 
{a)  Apply  the  murexide  test  (§  259,  2),  and,  if  it  succeeds,  uric  acid 

is  present.    Uric  acid  calculi  are  very  common,  often  of  considerable 
size,  smooth,  fairly  hard,  and  yellow  to  reddish-browai  in  colour. 

(6)  If  another  portion,  on  being  boiled  with  caustic  potash,  gives 
the  odour  of  ammonia  (orAvhen  the  vapour  makes  damp  turmeric  paper 
brown,  or  if  a  glass  rod  dipped  in  HCl  and  held  over  it  gives  white 
fumes  of  ammonium  chloride),  the  concretion  contains  ammonium 
urate.  If  b  gives  no  result,  pure  uric  acid  is  present.  Calculi  of 
ammonium  urate  are  rare,  usually  small,  of  an  earthy  consistence,  i.e., 
soft  and  pale  yellow  or  whitish  in  colour. 

(c)  If  the  xanthin  reaction  succeeds  (§  260),  this  substance  is  present  (rare).  Indigo  has  been 
found  on  one  occasion  in  a  calculus  (Ord). 

'  (d)  If,  after  solution  in  ammonia,  hexagonal  plates  (figs.  328,  A)  are  found,  cystin  is  present. 

(e)  Concretions  of  coagulated  blood  or  fibrin,  without  any  crystals,  are  rare.    When  burned 
they  give  the  odour  of  singed  hair.    They  are  insoluble  in 
water,  alcohol,  and  ether  ;  but  are  soluble  in  caustic  potash, 
^nd  are  precipitated  therefrom  by  acids. 

(/)  Urostealith  is  ap[)lied  to  a  caoutchouc-like  soft  elastic 
isubstance,  and  is  very  rare.  When  dry  it  is  brittle  and  hard, 
brown  or  black.  When  warm  it  softens,  and  if  more  heat,  be 
applied  it  melts.  It  is  soluble  in  ether,  and  the  residue 
after  evaporation  becomes  violet  on  being  heated.  It  is 
soluble  in  warm  caustic  potash,  with  the  formation  of  a  soap. 

II.  If  the  concretions  are  only  partly  combustible,  thus 
leaving  a  residue,  they  contain  organic  and  inorganic  con- 
stituents. 

(a)  Pulverise  a  part  of  the  stone,  boil  it  in  water,  and  filter  while  hot.  The  urates  are  dis- 
solved. To  test  if  the  lu'ic  acid  is  united  with  soda,  potash,  lime,  or  magnesia,  the  filtrate  is 
evaporated  and  burned.  The  ash  is  investigated  with  the  spectroscope  (§14),  when  the  char- 
acteristic bands  of  sodituu  or  potash  are  observed.  Magnesic  urate  and  calcic  urate  are  changed 
into  carbonate  by  burning.  To  separate  them,  dissolve  the  ash  in  dilute  hydrochloric  acid,  and 
filter.  The  filtrate  is  neutralised  with  ammonia,  and  again  redissolved  by  a  few  drops  of  acetic 
acid.  The  addition  of  ammonium  oxalate  precipitates  calcic  oxalate.  Filter,  and  add  to  the 
filtrate  sodic  }>hosphate  and  ammonia,  when  the  magnesia  is  precipitated  as  ammonio-magnesic 
phosphate. 

{b)  Calcic  oxalate  (especially  in  children,  either  as  small  smooth  pale  stones,  or  in  dark, 
warty,  hard  "mulberry  calculi")  is  not  aff'ected  by  acetic  acid,  is  dissolved  by  mineral  acids 
without  ettVrvescence,  and  again  precipitated  by  ammonia.  Heated  on  platinum  foils  it  chars 
and  blackens,  then  it  becomes  white,  owing  to  the  formation  of  calcic  carbonate,  which  effer- 
vesces f)n  the  addition  of  an  acid. 

(c)  Calcic  carbonate  (chiefly  in  whitish-grey,  earthy,  chalk-like  calculi,  somewhat  rare. 


Fig.  341. 
Acid  ammonium  urate. 


Basic  magnesic  phosphate. 
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dissol\^es  with  effervescence  in  liydrochloric  acid.  When  burned  it  first  becomes  black,  owing 
to  admixture  with  mucus,  and  then  white. 

{d)  Ammonio-magnesic  phosphate  and  basic  calcic  phosphate  usually  occur  together  in  soft, 
white,  earthy  stones,  which  occasionally  are  very  large.  These  stones  show  that  the  urine  has 
been  ammoniacal  for  a  very  long  time.  The  first  substance  when  heated  gives  the  odour  of 
ammonia,  which  is  more  distinct  when  heated  with  caustic  potash  ;  is  soluble  in  acetic  acid 
withoat  effervescence,  and  is  again  precipitated  in  a  crystalline  form  from  this  solution  on  the 
addition  of  ammonia.  When  heated  it  fuses  into  a  white  enamel-like  mass  ;  [hence,  it  is  called 
"fusible  calculus"].  Basic  calcic  phosphate  does  not  effervesce  with  acids.  The  solution  in 
hydrochloric  acid  is  precipitated  by  ammonia.  When  ammonium  oxalate  is  added  to  the  acetic 
acid  solution,  it  yields  calcic  oxalate. 

(c)  Neutral  calcic  phosphate  is  rare  in  calculi,  while  it  is  frequent  in  the  form  of  gravel. 
Physically  and  chemically,  these  concretions  resemble  the  earthy  phosphates,  only  they  do  not 
contain  magnesia. 

273.  THE  SECRETION  OF  URINE.— [The  functions  of  the  kidney  are— 

1 .  To  excrete  waste  products,  chiefly  nitrogenous  bodies  and  salts  ; 

2.  To  excrete  water  ; 

3.  And  perhaps  also  to  reabsorb  water  from  the  uriniferous  tubules,  after 

it  has  washed  out  the  waste  products  from  the  renal  epithelium. 

The  chief  parts  of  the  organs  concerned  in  1,  are  the  epithelial  cells  of  the  con- 
voluted tubules  ;  the  glomeruli  jDermit  water  and  some  solids  to  pass  through  them, 
while  the  constrictions  of  the  tubules  may  prevent  the  too  rapid  outflow  of  water, 
and  thus  enable  part  of  it  to  be  reabsorbed.] 

Theories. — The  two  chief  older  theories  regarding  the  secretion  of  urine  are  the 
following:  1.  According  to  Bowman  (1842),  through  the  glomeruli  are  filtered 
only  the  loater  and  some  of  the  highly  diff'usible  and  soluble  salts  present  in  the 
blood,  while  the  specific  urinary  constituents  *  are  secreted  by  the  activity  of  the 
epithelium  of  the  urinary  tubules,  and  are  extracted  or  removed  from  the  epithelium 
by  the  water  flowing  along  the  tubules.  This  has  been  called  the  "  vital "  theory. 
2.  C.  Ludwig  (1844)  assumes  that  vei^y  dilute  urine  is  secreted  or  filtered  through 
the  glomerulus.  As  it  passes  along  the  urinary  tubules  it  becomes  more  concentrated, 
owing  to  endosmosis.  It  gives  back  some  of  its  water  to  the  blood  and  lymph  of 
the  kidney,  thus  becoming  more  concentrated,  and  assuming  its  normal  character. 
[This  is  commonly  known  as  the  "mechanical  theory."] 

The  secretion  of  urine  in  the  kidneys  does  not  solely  depend  upon  definite 
physical  forces.  A  great  number  of  facts  force  us  to  conclude  that  the  vital  activity 
of  certain  secretory  cells  plays  a  foremost  part  in  the  process  of  secretion  {R. 
Heidenhain). 

The  secretion  of  urine  embraces — (1)  The  water,  and  (2)  the  urinary  constitu- 
ents therein  dissolved ;  both  together  form  the  urinary  secretion.  The  amount 
of  urine  depends  chiefly  upon  the  amount  of  water  which  is  filtered  through  or 
secreted  by  the  glomeruli ;  the  amount  of  solids  dissolved  in  the  urine  determines 
its  concentration. 

(A)  The  amount  of  urine,  which  is  secreted  chiefly  within  the  Malpighian 

capsules,  depends  primarily  ujion  the  blood-pressure  in  the  area  of  the  renal  artery^ 
and  follows,  therefore,  the  laws  of  filtration  (§  191,  II.)  {Ludwig  and  Göll).  [In 
this  respect  the  secretion  of  urine  differs  markedly  from  that  of  saliva,  gastric  juice, 
or  bile.  We  may  state  it  more  accurately  thus,  that  the  amount  of  urine  depends 
very  closely  upon  the  differences  of  pressure  between  the  blood  in  the  glomeruli 
and  the  pressure  within  the  renal  tubules.  If  the  ureter  be  ligatured,  the  secretion 
of  urine  is  ultimately  arrested,  even  although  the  blood-pressure  be  high.  The 
secretion  may  also  be  arrested  by  ligature  of  the  renal  vein  ;  and  in  some  cases  of 
cardiac  pulmonary  disease  the  venous  congestion  thereby  produced  may  bring  about 
the  same  result.] 

Glomerular  Epithelium. — The  amount  of  urine  secreted  does  not  depend  upon 


Sec.  273.] 


THE  SECRETION  OF  UlUNE. 


the  hydrostatic  pressure  alone,  but  it  seems  that  the  epitheHal  cells  covering  the 
glomerulus  also  participate  actively  in  the  process  of  secretion.  Besides  the  water, 
a  certain  amount  of  the  salts  present  in  the  urine  are  excreted  through  the  glomeruli. 
The  senim-alhumin  of  the  blood,  however,  is  prevented  from  j)assing  through.  With 
regard  to  the  secretory  activity  of  these  cells,  the  quantity  of  water  must  also 
depend  upon  the  amount  of  the  urinary  constituents  and  water  present  in  the  blood 
(R.  Heidenhain). 

Only  wlien  the  vitality  of  the  secretory  cells  is  intact  is  tlieve  independent  activity  of  these 
secretory  cells  [Hcidcnhain).  When  the  renal  artery  is  closed  temporarily,  their  activity  is 
paralysed,  so  that  the  kidneys  cease  to  secrete,  and  even  after  the  compression  is  removed  and 
the  circulation  re-established,  secretion  does  not  take  place  for  some  time  {Overbeck). 

That  the  secretion  depends  in  part  upon  the  blood-pressure  is  proved  by  the 
following  considerations : — 

1.  Increase  of  the  toted  contents  of  the  vascidar  system  so  as  to  increase  the  blood- 
pressure,  increases  the  amount  of  water  which  filters  through  the  glomeruli.  The 
injection  of  water  into  the  blood-vessels,  or  drinking  copious  draughts  of  water, 
acts  partly  in  this  way.  If  the  blood-pressure  rises  above  a  certain  height,  albumin 
may  pass  into  the  urine.  The  active  jmrticipation  of  the  cells  of  the  glomeruli  is 
rendered  probable  by  the  fact  that,  after  very  copious  drinking,  the  blood-pressure 
is  not  always  raised  {Pawlotu) ;  further,  after  copious  transfusion,  the  quantity  of 
urine  is  not  increased.  Conversely,  the  loss  of  water  owing  to  profuse  sweating  or 
diarrhoea,  copious  haemorrhage,  or  prolonged  thirst,  diminishes  the  secretion  of 
urine. 

2.  Diminution  of  the  capacity  of  the  vascular  system,  provided  the  pressure 
within  the  renal  area  be  thereby  increased,  acts  in  a  similar  manner.  This  may  be 
produced  by  contraction  of  the  cutaneous  vessels,  owing  to  the  action  of  cold, 
stimulation  of  the  vaso-motor  centre,  or  large  vaso  motor  nerves,  ligature,  or 
compression  of  large  arteries  (§  85,  e),  or  enveloping  the  extremities  in  tight 
bandages.  All  these  conditions  cause  an  increase  in  the  amount  of  urine,  and  of 
course  the  opposite  conditions  bring  about  a  diminution  of  urine,  e.g.,  the  action 
of  heat  on  the  skin  causing  redness  and  dilatation  of  the  cutaneous  vessels, 
weakening  of  the  vaso-motor  centre,  or  paralysis  of  a  large  number  of  vaso-motor 
nerves. 

3.  Increased  action  of  the  heart,  whereby  the  tension  and  rapidity  of  the  blood 
in  the  arteries  are  increased  (§  85,  c),  augments  the  amount  of  urine ;  conversely, 
feeble  action  of  the  heart  (paralysis  of  motor  cardiac  nerves,  disease  of  the  cardiac 
musculature,  certain  valvular  lesions)  diminishes  the  amount.  Artificial  stimula- 
tion of  the  vagi  in  animals,  so  as  to  slow^  the  action  of  the  heart,  and  thus  diminish 
the  mean  blood-pressure  from.  130  to  100  mm.  Hg,  causes  a  diminution  in  the 
amount  of  urine  to  the  extent  of  one-fifth  {Göll,  CI.  Bernard)  ;  when  the  pressure 
in  the  aorta  falls  to  40  mm.  the  secretion  of  urine  ceases.  [If  the  medulla 
oblongata  be  divided  (dog),  there  is  an  immediate  fall  of  the  general  blood-pressure, 
and  although,  as  a  general  rule,  the  secretion  of  urine  is  arrested  when  the  pressure 
falls  to  40  to  50  mm.  Hg,  yet  secretion  has  been  observed  to  take  place  with  a 
lower  pressure  than  this.] 

4.  The  amount  of  urine  secreted  rises  or  falls  according  to  the  degree  of  fulness 
of  the  renal  artery  {Ludwig,  Max  Hermann) ;  even  when  this  artery  is  moderately 
constricted  in  animals,  there  is  a  decided  diminution  in  the  amount  of  urine. 

Pathological. — In  fever  the  renal  vessels  are  less  full  and  there  is  consecutive  diminution  of 
urine  {Mendelsohn).  It  is  most  important,  in  connection  with  certain  renal  diseases,  to  note 
that  ligature  of  the  renal  artery,  even  when  it  is  obliterated  for  only  two  hours,  causes  necrosis 
of  the  epithelium  of  the  uriniferous  tubules.  When  the  arterial  anaemia  is  kept  up  for  a  long 
time,  the  whole  renal  tissue  dies  {Litten).  After  long-continued  ligation  of  the  renal  artery, 
the  epithelium  of  the  glomeruli  becomes  greatly  changed  {Rihbert). 
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5.  Most  diuretics  act  in  one  or  other  of  the  above-mentioned  ways. 

[Some  diuretics  act  by  increasing  the  general  blood-pressure  ((h'gitahs  and  tlie  action  of  cold 
on  the  skin),  others  may  increase  the  blood-pressure  locally  within  the  kidney,  and  this  they 
may  do  in  several  ways.  The  nitrites  are  said  to  paralyse  the  muscular  lihres  in  the  vasa 
atferentia,  and  thus  raise  the  blood-pressure  within  the  glomeruli.  But  some  also  act  on  the 
secretory  epithelm^n,  such  as  urea  and  caffein.  Brun  ton  recommends  the  combination  of 
diuretics  in  appropriate  cases,  and  the  diuretics  must  be  chosen  according  to  the  end  in  view — 
as  we  wish  to  remove  excess  of  fluids  from  the  tissues  and  serous  cavities,  or  as  we  wish  to  re- 
move injurious  waste  products,  or  merely  to  dilute  the  urine.] 

[6.  The  amount  of  nrine  also  depends  upon  the  composition  of  the  Mood. 
Drinking  a  large  quantity  of  water,  whereby  the  blood  becomes  more  watery, 
increases  the  amount  of  urine,  but  this  is  true  only  within  certain  limits.  It  is 
not  merely  the  increase  of  volume  of  the  blood  acting  mechanically  which  causes 
this  increase,  as  we  know  that  large  quantities  of  fluid  may  be  transfused  without 
the  general  blood-pressure  being  materially  raised  thereby.] 

[Heidenhain  argues  that  it  is  not  so  much  the  pressure  in  the  glomeruli  as  the 
velocity  of  the  blood,  which  determines  the  process  of  the  secretion  of  water  in 
the  kidney.  He  contends  that,  while  increase  of  the  pressure  in  the  renal  artery 
causes  an  increased  flow  of  urine,  ligature  of  the  renal  vein,  whereby  the  pressure 
in  the  glomeruli  is  also  increased,  arrests  the  secretion  altogether.  In  both  cases 
the  pressure  is  increased  within  the  glomeruli,  and  the  two  cases  diff'er  essentially 
in  the  velocity  of  the  blood-current  through  the  glomeruli.] 

Pressure  in  the  Vas  Afferens. — The  pressure  in  each  vas  afferens  must  be 
relatively  great,  because  (1)  the  double  set  of  capillaries  in  the  kidney  off'ers  con- 
siderable resistance,  and  (2)  the  lumen  of  the  vas  efferens  is  narrower  than  that  of 
the  vas  afferens.  Hence,  owing  to  the  high  blood-pressure  in  the  capillaries  of  the 
renal  glomeruli,  filtration  must  take  place  from  the  blood  into  the  Malpighian 
capsules.  When  the  vasa  aflferentia  are  dilated,  the  filtration-pressure  is  increased, 
while,  when  they  are  contracted,  the  secretion  is  lessened.  When  the  pressure 
becomes  so  diminished  as  to  retard  greatly  the  blood-stream  in  the  renal  vein,  the 
secretion  of  urine  begins  to  be  arrested.  Occlusion  of  the  renal  vein  completely 
suppresses  the  secretion  {H.  Meyer,  v.  Frerichs).  Ludwig  concluded  from  this 
observation  that  the  filtration  or  excretion  of  fluid  could  not  take  place  through  the 
renal  capillaries  piroper,  as,  owing  to  occlusion  of  the  renal  vein,  the  blood-pressure 
in  these  capillaries  must  rise,  which  ought  to  lead  to  increased  filtration.  Such  an 
experiment  points  to  the  conclusion  that  filtration  must  take  place  through  the 
capillaries  of  the  glomeruli.  The  venous  stasis  distends  the  vas  eff'erens,  which 
springs  from  the  centre  of  the  glomerulus,  and  compresses  the  capillary  loops  against 
the  wall  of  the  Malpighian  capsule,  so  that  filtration  caimot  take  place  through 
them.  It  is  not  decided  whether  any  fluid  is  given  ofl'  through  the  convoluted 
urinary  tubules. 

Venous  congestion  in  the  kidneys  diminishes  the  quantity  of  urine  and  the  urea.  The  NaCl 
remains  constant,  but  pathological  albumin  is  increased  {Senator  and  Münk). 

Pressure  in  Ureter. — As  the  blood-pressure  in  the  renal  artery  is  about  120  to 
140  mm,  Hg,  and  the  urine  in  the  ureter  is  moved  along  by  a  very  slight  propelling 
force,  so  that  a  counter-pressure  of  from  10  {Lohell)  to  40  mm.  of  Hg  is  sufficient 
to  arrest  its  flow,  it  is  clear  that  the  blood-pressure  can  also  act  as  a  vis  a  tergo  to 
propel  the  urine  through  the  ureter.  The  pressure  in  the  ureter  is  measured  by 
dividing  the  ureter  transversely  and  inserting  the  manometer  in  it. 

(B)  Secretory  Activity  of  the  Renal  Epithelium. — The  degree  of  concentra- 
tion of  the  urine  also  depends  upon  the  quantity  of  the  dissolved  constituents 
which  has  passed  from  the  Ijlood  into  the  urine.  The  secretory  cells  of  the  con- 
voluted tubules,  by  their  own  proper  vital  activity,  seem  to  be  able  to  take  up,  or 
secrete,  some  at  least  of  these  substances  from  the  blood  {Bowman,  Heidenhain). 
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The  watery  part  of  the  urme,  containing  only  easily  diffusible  salts,  as  it  flows 
along  the  tubules  from  the  glomeruli,  extracts  or  washes  out  these  substances  from 
the  secretory  epithelium  of  the  convoluted  tubules. 

Experiments  with  sulphindigotate  of  soda. — 1.  Sulphindigotate  of  soda  and 
sodium  urate,  when  injected  into  the  blood,  pass  into  the  urine,  and  are  found 
within  the  protoplasma  of  the  cells  of  the  convoluted  tubules  [only  in  those  parts 
lined  by  "  rodded"  epithelium],  but  not  in  the  Malpighian  capsules  {Heidenliain). 
A  little  later  these  substances  are  found  in  the  lumen  of  the  urinary  tubules,  from 
which  they  are  washed  out  by  the  ^vatery  part  of  the  urine  coming  from  the 
glomeruli.  If,  however,  two  days  before  the  injection  of  these  substances  into  the 
blood,  the  cortical  part  of  the  kidney  containing  the  Malpighian  capsules  be  caut- 
erised [e.g.,  by  nitrate  of  silver],  or  sliced  off,  the  blue  pigment  remains  within  the 
convoluted  tubules.  It  cannot  1)e  carried  onward,  as  the  water  which  should 
carry  it  along  has  ceased  to  Idc  secreted,  owing  to  the  destruction  of  the  glomeruli. 
This  experiment  also  goes  to  show  that  through  the  glomeridi  the  waUry  part  of 
the  urine  is  chiefly  excreted,  while  through  the  convolided  tid^ulestlie  specific  urinary 
condituents  are  excreted. 

[When  a  large  quantity  of  the  ]3ure  sulphindigotate  is  injected  into  the  blood, 
within  less  than  half  an  hour  the  cortex  and  pyramids  become  deep  blue  ;  the 
boundary  zone,  as  a  rule,  is  lighter  in  tint  (fig.  343).    The  blue  pigment  is  found 
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Fig.  343.— Section  of  a  rabbit's  kidney  after  the  injection  of  a  large  quantity  of  sulpliindigotate 
of  soda  into  the  blood.  Fig.  344.— Section  of  a  rabbit's  kidney.  Section  of  the  spinal 
cord  and  snbseqnent  injection  of  sulphindigotate  of  soda.  Note  that  the  pigment  is  con- 
fined to  the  cortex.  Fig.  345.— Section  of  a  rabbit's  kidney.  The  surface  between  c  and  g 
and  h  and  d  was  cauterised.  There  is  the  normal  appearance  in  the  areas  fc,  gh,  db,  but 
arrest  of  the  secretion  of  water  in  eg  and  hd. 

in  the  epithelium  of  the  convoluted  tubules,  or  in  their  lumen,  but  never  in  the 
epithelium  of  the  straight  tubules,  although  a  large  amount  is  found  in  the 
lumina,  es]-)ecially  of  the  collecting-tubes.] 

[If,  however,  the  spinal  cord  be  divided  so  as  to  lower  the  arterial  blood-pressure, 
and  thus  arrest  the  secretion  of  water,  and  a  small  quantity  of  the  sulphindigotate 
be  injected  into  the  blood,  the  blue  pigment  is  secreted  from  the  lymph,  itself 
nearly  colourless,  by  the  convoluted  tubules  and  the  looped  tubules  of  Henle. 
Owing  to  the  arrest  of  the  watery  part  of  the  secretion,  the  pigment  remains  in 
the  cortex  and  the  kidney  presents  the  appearance  shown  in  fig.  344.] 

[Fig.  345  shows  the  effect  of  cauterising  the  surface  of  the  kidney  with  silver 
nitrate.  In  the  cauterised  area  the  secretion  of  water  within  the  capsules  ceases, 
while  the  secretion  of  the  pigment  by  the  convoluted  tubules  is  not  arrested,  so 
that  in  the  normal  areas  one  has  the  appearances  shown  in  fig.  343  and  in  the 
cauterised  area  that  of  fig.  345]. 

Uric  acid  salts,  injected  into  the  blood,  were  observed  by  Heidenhain  to  be 
excreted  by  the  convoluted  tubules.  Yon  Wittich  had  previously  observed  that 
in  birds,  crystals  of  uric  acid  were  excreted  by  the  epithelium  of  the  convoluted 
tubules.    [The  presence  of  crystals  of  uric  acid  in  the  renal  epithelium  was 
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observed  by  Bowman,  and  used  as  an  argument  to  support  his  theory.]  Nussbaum, 
in  1878,  stated  that  uvea  is  secreted  by  the  urinary  tubules  and  not  by  the 
glomeruli. 

The  same  is  true  for  the  lilc-ingmmts,  for  the  iron  salts  of  the  vegetable  acids  when  injected 
subcutan eously,  and  for  hseraoglobin.    After  injection  of  milk  into  the  blood-vessels,  numerous 
fatty  granules  occur  within  the  epithelium  of  the  urinary  tubules  (§  102). 
Excretion  of  Pigments. — Only  during  very  copious  excretion  does  the  glomerulus  participate. 

After  the  introduction  of  a  large  amount  of  sodic  sul- 
phindigotate,  and  when  the  experiment  has  lasted  for  a 
long  time,  the  epithelium  of  the  glomerulus  becomes  blue. 
In  albuminuria,  the  abnormal  excretion  of  urine  takes 
place  first  in  the  urinary  tubules,  and  afterwards  in  the 
Malpighian  capsules ;  Hb  is  partly  found  in  the  capsules. 
According  to  Nussbaum,  egg-albumin  passes  out  through 
the  Malpighian  capsules. 

[Nussbaum's  Experiments. — In  the  frog  and 
newt,  the  kidney  is  supplied  with  blood  in  a 
manner  diiferent  from  that  obtaining  in  mammals. 
The  glomeruli  are  supplied  by  branches  of  the 
renal  artery.  The  tubules  are  supplied  by  the 
renal-portal  vein  (fig.  346).  The  vein  coming 
from  the  posterior  extremities  divides  at  the 
u^Dper  end  of  the  thigh  into  two  branches,  one  of 
which  enters  the  kidney,  and  breaks  up  to  form 
a  capillary  plexus,  which  surrounds  the  urini- 
ferous  tubules,  but  this  plexus  is  also  joined  by 
the  efferent  vessels  of  the  glomeruli.  These  two 
systems  are  partly  independent  of  each  other. 
After  ligaturing  the  renal  arteries,  JS^ussbaum 
asserted  that  the  circulation  in  the  glomeruli  was 
cut  off,  Avhile  ligature  of  the  renal-portal  vein 
excluded  the  functional  activity  of  the  tubules. 
By  injecting  a  substance  into  the  blood,  after 
ligaturing  either  the  arteries  or  renal-portal  vein, 
and  observing  whether  it  occurs  in  the  urine,  he 
infers  that  it  is  given  off  either  by  the  glomeruli 
or  the  tubules.  Sugar,  ^peptones,  and  egg-alhumin 
rapidly  pass  through  an  intact  kidney,  but  if  the 
renal  arteries  be  tied  they  are  not  excreted.  Urea 
when  injected  into  the  circulation  is  excreted 
after  the  arteries  are  tied,  so  that  it  is  excreted 
through  the  tubules,  but  at  the  same  time  it 
takes  with  it  a  considerable  quantity  of  water. 
Thus,  water  is  excreted  in  two  ways  from  the 
kidney,  by  the  glomeruli  and  also  from  the 
venous  plexus  around  the  tubules  along  with  the 
urea.  Indigo-carmine  merely  passes  into  the 
tubular  epithelium  of  the  convoluted  tubules, 
but  it  does  not  cause  a  secretion  of  urine. 
Albumin  passes  through  the  glomeruli,  but  only 
after  their  membranes  have  been   altered  in 


Fig.  346. 

Veins  of  the  frog,  semi-diagrammatic. 
S.  F.,  sinusvenosus;  RA,  LA,  right, 
left  auricles;  ventricle  ;  j;r-c,  pre- 
caval ;  caj^w.,  external  jugular  ;  i. 
ju.,  internal  jugular  ;s-sc.,  subscap- 
ular ;  in,  innominate  ;  s-cl,  subcla- 
vian ;  br,  brachial  ;  m-d,  musculo- 
cutaneous ;  pc,  post-caval ;  sc,  sci- 
atic; p. v.,  pelvic;  rj),  renal-portal; 
d.-l.  dorso-lumbar  ;  o,  veins  from 
oviduct ;  r.v,  renal,  a.  ab,  anterior 
abdominal ;  bl,  vesical  ;  p,  portal, 
and  h,  hepatic  veins  ;  Jc,  kidneys  ; 
/,  alimentary  canal  with  its  capil- 
laries; I,  capillaries  of  liver  ;  pi, 
pulmonary  veins. 


way,  as  by  clamping  the  renal  artery  for 


some 
time.] 

[Adami's  Experiments  on  the  kidney  of  the  frog  tend  to  show  that  Nussbaum's  conclusions 
are  not  justified,  for  Adami  found  that  if  the  renal  arteries  in  the  frog  be  ligatured,  within  a 
few  hours  a  collateral  circulation  is  established  and  a  certain  amount  of  blood  flows  through 
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the  kidney.  He  proved  tliis  by  injecting  into  the  blood  carmine  or  painter's  vermilion,  in  a 
state  of  fine  suspension,  and  after  ligature  of  the  renal  arteries  he  found  it  in  many  of  the 
glomeruli,  while  laky  blood  sitnilarly  injected  revealed  its  presence  as  menisci  of  Hb  in  the 
Malpighian  coi'puscles.  Even  secretion  of  some  urine  may  go  on  after  ligature  of  the  renal 
arteries.  It  is  evident,  then,  that  Nussbaum's  method  is  not  a  reliable  one  for  locating  the 
parts  of  the  kidney  through  which  certain  substances  are  excreted.  Adami's  experiments  also 
give  some  support  to  Heidenhain's  view  that  the  glomerular  epithelium  "  possesses  powei  s  of  a 
selective  secretory  nature,"  for  he  finds  that  in  frogs,  after  ligature  of  the  renal  arteries,  where, 
of  course,  the  pressure  in  the  glomeruli  is  just  nearly  that  in  the  veins,  and  in  the  dog  after 
section  of  the  spinal  cord,  so  that  the  blood-pressure  has  fallen  below  40  mm.  Hg,  whereby  the 
secretion  of  urine  is  arrested,  the  injection  of  laky  blood  causes  Hb  to  appear  in  the  capsules, 
although  there  is  no  simultaneous  excretion  of  water.] 

2.  Even  when  the  secretion  of  the  watery  imrt  of  the  urine  is  completely 
arrested,  either  by  Hgature  of  the  ureter,  or  after  a  very  great  fall  of  the  blood-pres- 
sure in  the  renal  artery,  [as  after  section  of  the  cervical  spinal  cord],  the  before- 
mentioned  substances,  when  injected  into  the  blood,  are  found  in  the  cells  of  the 
convoluted  tubules.  The  injection  of  urea  under  these  circumstances  causes* 
renewed  secretion.  These  facts  show  that,  independently  of  the  filtration-jDressure, 
the  secretory  activity  of  these  cells  is  still  maintained. 

The  Independent  vital  activity  of  the  secretory  cells  of  the  urinary  tubules,  which  as  yet  we 
are  unable  to  explain  on  purely  physical  grounds,  renders  it  probable  that  the  tubules  are  not  to 
be  compared  to  an  ai)i)aratus  provided  with  physical  membranes.  This  is  proved  by  the  follow- 
ing experiment : — Abeles  caused  arterial  blood  to  circulate  through  freshly  excised  living 
kidneys.  A  pale  urine-like  fluid  dropped  from  the  ureter.  On  adding  some  urea  or  sugar  to 
the  blood,  the  secretion  became  more  concentrated.  Thus,  the  excised  "surviving"  kidney  also 
excretes  substances  in  a  more  concentrated  form  than  those  supplied  to  it  in  the  diluted  blood 
streaming  through  it.  J.  Münk  obtained  similar  results  in  excised  kidneys,  with  common  salt, 
nitre,  cafiein,  grape-sugar,  glycerin,  with  increase  in  the  amount  of  urine  secreted.  The 
addition  of  caffein  or  theobromin  to  the  perfused  blood  increases  the  secretion,  exciting  the 
secretory  cells  to  greater  activity  {v.  Schroedei-). 

Salts  and  Gases. — The  vital  activity  explains  why  the  serum-albumin  of  the  blood  does  not 
pass  into  the  urine,  Avhile  egg-albumin  and  dissolved  haemoglobin  readily  do  so.  Among  the 
salts  which  occur  in  the  blood  and  blood-corpuscles,  of  course  only  those  in  solution  can  pass 
into  the  urine.  Those  which  are  united  with  proteid  bodies,  or  are  fixed  in  the  cellular 
elements,  cannot  pass  out,  or  at  least  only  after  they  have  been  split  up.  Thus,  we  may  explain 
the  difference  between  the  salts  of  the  urine  and  those  of  the  blood.  Similarly,  the  urine  can 
only  contain  the  absorbed  and  not  the  chemically-united  gases. 

Ligature  of  the  Ureter. — If  the  secretion  be  arrested  by  compression  or  by  ligature  of  the 
ureter,  the  lymph-spaces  of  the  kidney  become  filled  with  fluid,  which  may  pass  into  the  blood, 
so  that  the  organ  iDecomes  oedematous,  owing  to  the  passage  of  fluid  into  its  lymph-spaces. 
The  secretion  undergoes  a  change,  as  first  water  passes  back  into  the  blood,  then  the  sodic 
chloride,  snlphuric,  and  phosphoric  acids  dimimsh,  and  lastly  the  urea  (C.  Ludwig,  Max  Herr- 
man).  Kreatinin  is  still  present  in  considerable  amount.  There  is  no  longer  secretion  of 
proper  urine  {LöbeJl). 

Non-Symmetrical  Renal  Activity.— It  is  remarkable  that  both  kidneys  do  not  secrete 
symmetrically — there  is  an  alternate  condition  of  hyperemia  and  secretory  activity  on  opposite 
sides  (§  100).  One  kidney  secretes  a  more  watery  urine,  which  at  the  same  time  contains  more 
NaCl  and  urea.  Von  Wittich  observed  that  the  secretion  of  uric  acid  was  not  uniform  in  all 
the  urinary  tubules  of  the  same  bird.  Extirpation  of  one  kidney,  or  disease  of  one  kidney  in 
man,  does  not  seem  to  diminish  the  secretion  {Bosenstein).  The  remaining  kidney  becomes 
more  active,  and  larger. 

Reabsorption  in  the  Kidney, — In  discussing  the  secretion  of  the  kidney,  we  must  attach 
considerable  importance  to  the  variations  in  the  calibre  of  the  renal  tubules  in  their  course. 
Perhaps  in  the  narrowing  of  the  descending  part  of  the  looped  tubule  of  Henle  there  may  be 
either  a  reabsorption  of  water,  so  that  the  urine  becomes  more  concentrated,  or  there  may  be 
absorption  even  of  albumin,  w^hich  may  perhaps  pass  through  the  glomeruli  in  small  amount. 
[That  reabsorption  of  fluid  takes  place  within  the  kidney  was  part  of  Ludvvig's  theory,  which 
is  practically  a  process  of  filtration  and  reabsorption.  Hüfner  pointed  out  that  the  structure  of 
the  kidneys  of  various  classes  of  vertebrates  corresponded  closely  with  the  requirements  for 
reabsorption  of  water.  The  experiments  of  Ribbert  show  that  the  urine  actually  secreted  in 
the  cortex  of  the  kidney  is  more  watery  than  that  secreted  normally  by  the  entire  organ.  He 
extirpated  the  medullary  portion  in  rabbits,  leaving  the  cortical  part  intact,  and  in  this  way 
collected  the  dilute  urine  from  the  Malphighian  corpuscles  before  it  passed  through  Henle's 
loops.] 
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274.  FORMATION  OF  THE  URINARY  CONSTITUENTS.— The  question 
has  often  been  discussed,  whether  all  the  urinary  constituents  are  merely  excreted 
through  the  kidneys,  i.e.,  that  they  exist  preformed  in  the  blood ;  or  whether  some 
of  them  do  not  exist  preformed  in  the  blood,  but  are  formed  within  the  kidneys, 
as  a  result  of  the  activity  of  the  renal  epithelium. 

Urea  is  formed  outside  the  Kidney. — Urea  exists  preformed  in  the  blood,  from 
which  it  is  separated  by  the  activity  of  the  kidney.  This  is  proved  by  the  follow- 
ing considerations  : — 

1.  The  blood  contains  one  part  of  urea  in  3000  to  5000  parts,  but  the  renal  vein  contains  less 
urea  than  the  bh)od  of  the  corresponding  artery. 

2.  After  extirpation  of  the  kidneys,  or  nephrectomy,  or  after  ligature  of  the  renal  vessels,  the 
amount  of  urea  accumulates  in  the  blood,  and  increases  with  the  duration  of  tlie  ex[>eritnent  to 
-ff^Tj  to  ^^-y.  At  the  same  time  tliere  is  vomiting  and  diarrhcea,  and  the  fluids  so  voided  con- 
tain urea  {CI.  Bernard).    Animals  die  in  from  one  to  three  days  after  tlie  operation. 

3.  After  ligature  of  the  ureters,  the  secretion  of  urine  is  soon  arrested.  Urea  accumulates 
.  in  the  blood,  but  not  to  a  greater  extent  than  after  nephrectomy.    It  is  possilde,  however,  that 

the  kidneys,  like  other  organs,  may  form  a  small  amount  of  urea,  due  to  the  metabolism  of  their 
own  tissues. 

[Although  the  percentage  of  urea  in  the  blood  is  small,  yet  when  we  consider  the  enormous 
amount  of  blood  circulating  through  the  very  vascular  kidneys,  we  obtain  data  which  prove 
that  the  kidneys  withdraw  the  urea  from  the  blood.  A  dog  weighing  30  kilos.  (66'6  lbs.)  has 
2'31  kilos,  of  blood,  i.e.,  part  of  its  body-weight.  The  entire  course  of  the  circidation  is 
completed  in  15  sees.,  so  that  in  24  houis  2-.S1  x  4  x  60  x  24  =  13305-Ö  kilos,  of  blood  will 
pass  through  the  body.  Taking  the  kidneys  as  ^^o  P'^^'t  of  the  weight  of  the  body,  about 
68 "53  kilos,  of  the  blood  will  pass  through  the  kidneys  in  24  hours.  Suppose  the  blood  con- 
tained only  -5  gram  urea  in  1000  c.c,  66-53  kilos,  couhl  yit^ld  33-3  grams  of  urea.  A  large 
dog  fed  on  flesh  excretes  30-35  grams  of  urea  in  24  hours  {Münk).'] 

[Urea  exists  in  the  blood ;  whence  does  the  blood  derive  it  ?  It  can  only  obtain 
it  from  one  or  more  of  several  organs— (1)  muscle,  (2)  nervous  system,  and  (3) 
glands,  of  which  the  liver  is  the  most  prominent.  This  is  best  stated  by  the 
method  of  exclusion.] 

[1.  That  urea  is  not  formed  in  muscle  is  shown,  among  other  considerations,  by 
the  fact  that  only  a  trace  of  urea  occurs  in  muscle  (§  293),  and  that  the  amount  is 
not  increased  by  exercise.  Blood  which  has  been  transfused  through  a  muscle,  or 
the  blood  after  circulating  in  a  muscle  during  violent  exercise,  does  not  contain  an 
increase  of  urea,  nor  does  the  addition  of  ammonium  carbonate  to  blood  circulating 
through  muscle  show  any  increase  of  urea.  Again,  muscular  exertion  does  not  (as 
a  rule)  increase  the  amount  of  urea  in  the  urine,  as  shown  by  the  experiments  of 
Fick  and  Wishcenus  (§  294),  Parkes,  and  others.  The  excretion  chiefly  increased 
by  muscular  exertion  is  the  pulmonary  CO.^  (§  127).] 

[2.  From  what  we  know  of  the  nervous  system,  it  is  not  formed  there.  We  are 
therefore  forced  to  consider  the  evidence  as  to  the  liver,  as  the  organ,  or,  at  least, 
the  chief  organ,  in  which  it  is  formed.  This  evidence  is  in  some  respects  contra- 
dictory, but  it  is  partly  experimental  and  partly  clinical.] 

[Experimental  Evidence.— Although  Hoppe-Seyler  denies  the  existence  of  urea 
in  the  liver,  (1)  its  existence  there  was  proved  by  Gschcidlen ;  (2)  and  Gyon,  on 
passing  blood  through  an  excised  Hver  by  the  "perfusion"  method  of  Ludwig, 
found  tliat  blood,  after  being  passed  several  times  through  the  organ,  contained  an 
increased  amount  of  urea.  The  objection  to  these  experiments  is  that  Cyon's 
method  of  estimating  the  urea  was  unreliable.  (3)  But  von  Schroeder,  using  a 
similar  method,  finds  that  if  blood  taken  from  a  dog  in  full  digestion  be  perfused 
through  the  liver,  there  is  a  slight  increase  in  the  amount  of  urea,  while  there  is 
no  urea  formed  when  the  blood  of  a  fasting  dog  is  similarly  perfused.  (4)  If 
ammonium  carbonate  be  added  to  the  blood,  there  is  a  very  much  greater  amount  of 
urea  in  the  blood  of  the  hepatic  vein.  This  last  fact  is  confirmed  by  Salonion. 
But  if  blood  mixed  with  ammonium  carbonate  be  perfused  through  an  excised 
surviving  kidney,  or  through  the  muscles  of  the  lower  limbs,  there  is  no  increase 
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of  urea.  These  exiDeriments  seem  to  point  to  ammoniinii  carbonate  as  being  one 
of  the  antecedents  of  urea,  which  is  fnrtlier  strengthened  by  the  fact  that  the 
administration  of  ammonium  salts  increases  the  amount  of  urea  in  the  urine.  (5) 
The  experiments  of  Minkowski  on  the  liver  of  the  goose  (§  386)  show  that,  when 
the  liver  is  excluded  from  the  circulation,  lactic  acid  takes  the  place  of  uric  acid 
in  this  bird.  (6)  Brouardel  further  states,  that  if  the  region  of  the  liver  be  so 
beaten  as  to  cause  congestion  of  that  organ,  there  is  an  increase  of  the  urea  in  the 
urine.  (7)  i^oel-Paton  finds  that  some  drugs  Avhich  increase  the  quantity  of  bile 
in  dogs  in  a  state  of  N-equihbrium  (§  178),  e.g.,  sodic  salicylate  and  benzoate, 
Colchicum,  mercuric  chloride,  and  euonymin,  also  increase  the  urea  in  the  urine ; 
he  therefore  concludes  "that  the  formation  of  urea  in  the  liver  bears  a  very  direct 
relationship  to  the  secretion  of  bile  by  that  organ."  But  the  destruction  of  red 
blood-corpuscles,  e.g.,  by  the  injection  of  pyrogallic  acid  or  toluylendiamin  into 
the  blood  by  setting  free  haemoglobin,  not  only  causes  an  increase  of  bile,  but  it  also 
increases  the  elimination  of  urea  by  the  kidneys,  and  the  time  of  maximum 
destruction  of  the  red  blood-corpuscles,  as  measured  by  the  hsemocytometer, 
coincides  with  the  maximum  excretion  of  urea.] 

[The  clinical  evidence  points  strongly  to  the  formation  of  urea  in  the  liver. 
Parkes  pointed  out  that  in  hepatic  abscess,  during  the  early  congestive  stage,  the 
urea  in  the  urine  is  increased,  while  it  is  diminished  in  the  suppurative  stage, 
when  the  hepatic  parenchyma  is  destroyed.  The  urea  is  also  diminished  in  cancer 
of  the  liver,^  phthisis,  and  some  forms  of  hepatic  cirrhosis,  while  it  is  increased 
during  hepatic  congestion,  and  specially  so  in  some  cases  of  diabetes  mellitus.  The 
most  striking  fact  of  all  is  that,  in  acute  yellow  atrophy  of  the  liver,  the  urea  is 
enormously  diminished  in  the  urine,  and  may  even  disappear  from  it  while  its 
place  is  taken  by  the  intermediate  products,  leucin  and  tyrosin  {v.  Frerichs).  In 
poisoning  by  phosphorus,  coincident  with  the  atrophy  of  the  liver,  there  is  a  fall 
in  the  urea-excretion.  In  diabetes  mellitus  depending  on  disease  of  the  liver,  not 
only  is  the  sugar  passed  in  the  urine  greatly  increased,  but  the  urea  is  also 
increased.  In  hepatic  cirrhosis,  where  there  is  great  diminution  in  the  parenchyma 
of  the  liver,  the  urea  in  the  urine  is  greatly  diminished  and  the  ammonia  greatly 
increased.] 

As  to  the  antecedents  of  urea  there  is  the  greatest  doubt  (§  256). 

[These  and  the  following  experiments  indicate  that  urea,  and  perhaps  most  of 
the  organic  urinary  constituents,  are  "  secreted  "  or  separated  by  the  kidneys  from 
the  blood  passing  through  them,  and  that  they  are  not  formed  in  the  Iddneys 
themselves.  The  urea  is  derived  from  proteids,  and  the  liver  seems  to  be  the  organ 
in  which  it  is  formed.  ^ 

Uric  Acid  is  formed  outside  the  Kidneys.— 1.  Bird's  blood  normally  contains 
uric  acid  {Meissner).  [The  liver  of  the  pigeon  contains  6  to  14  times  as  much  uric 
acid  as  the  blood.]  Ligature  of  the  ureters  or  renal  blood-vessels  {PavMnoff),  or 
gradual  destruction,  of  the  renal  secretory  parenchyma  by  the  subcutaneous  injec- 
tion of  neutral  potassium  Chromate  {Ebstein),  is  followed  by  the  deposition  of  uric 
acid  in  the  joints  and  tissues,  and  it  may  even  form  a  white  incrustation  on  the 
serous  membranes.  The  brain  remains  free  {Zaleskij,  Oppler).  Acid  urates  of 
ammonia,  soda,  and  magnesia  are  also  similarly  deposited.  Extirpation  of  a  snake's 
kidneys  gives  the  same  result,  but  to  a  less  degree. 

[Minkowski  found  that,  after  excluding  the  liver  from  the  circulation,  lactic  acid  took  the 
place  of  uric  acid  m  the  urine  (p.  498).  Some  uric  acid  still  appears  in  the  urine,  which  cannot 
be  derived  from  the  small  amount  in  the  blood,  so  that,  according  to  v.  Schroeder,  there  are 
perhaps  other  foci  of  formation  of  uric  acid.] 

[The  latter  experiment  points  to  the  formation  of  uric  acid  in  the  liver  in  birds, 
and  this  is  supposed  to  be  strengthened  by  the  appearance  of  the  deposition  of 
urates  in  the  urine  in  certain  disorders  of  digestion.]    Yon  Schroeder  and  Colasanti, 
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however,  as  tlie  result  of  their  experiments  upon  snakes,  come  to  the  conckision 
that  there  is  no  special  organ  concerned  in  the  formation  of  uric  acid. 

Hippuric  acid  is  partly  formed  in  the  kidney,  for  the  blood  of  herbivora  does 
not  contain  a  trace  of  it  {Meissner  and  Shejxird).  In  rabbits,  however,  it  is  formed 
synthetically  in  other  tissues  as  well  as  in  the  kidney.  If  blood  containing  sodic 
benzoate  and  glycin  be  passed  through  the  blood-vessels  of  a  fresh  kidney,  hippuric 
acid  is  formed  (§  260)  {Btmge,  Schmiedeberg,  Kochs).  [The  other  evidence  is  given 
in  §  260.] 

Kreatinin  lias  intimate  relations  to  kreatin  of  muscle,  but  Avliere  it  is  formed  is  not  known. 

If  phenol  and  pyrokatecliin  are  digested  along  with  fresh  renal  substance,  a  compound  of 
sulplvuric  acid  similar  to  that  occurriug  in  urine  is  formed  (§  262).  The  latter  substance, 
however,  is  also  formed  by  similarly  digesting  liver,  pancreas,  and  muscle.  It  is  concluded 
from  these  experiments  that  tliese  substances  are  formed  in  the  body  within  the  kidneys  and 
the  other  organs  mentioned  {Kochs). 

[Urobilin,  nearly  related  to  bilirubin,  is  ultimately  formed  from  htemoglobin  (§  261),  perhaps 
in  the  liver,  and  is  re-absorbed  from  the  intestinal  canal  to  be  excreted  in  the  urine.  The 
other  urinary  pigments  all  arise  directly  or  indirectly  from  hemoglobin, [some  of  them  perhaps 
form  the  bile  pigments,  and  it  may  be'  that  they  assume  their  final  form  in  the  epithelium  of 
the  renal  tubules.] 

Chemistry  of  the  Kidney.— The  kidneys  contain  a  very  large  amount  of  tcater.  Besides 
serum-albumin,  globulin,  albumin  soluble  in  sodium  carbonate  {Gottwalt),  gelatin-yielding 
substances,  fat  in  the  epithelium,  elastic  substance  derived  from  the  membrana  propria  of  the 
tubules,  the  kidneys  contain  leuciii,  xanthin,  hypoxanthin,  kreatin,  taurin,  inosit,  cystin  (the 
last  in  no  other  tissue),  but  only  in  very  small  amount.  The  occurrence  of  these  substances 
points  to  a  lively  metabolism  in  the  kidneys,  which  is  also  proved  by  the  liberal  supply  of 
blood  they  receive. 

Blood-vessels  of  the  Kidney.— The  kidneys  receive  a  very  large  supply  of  blood, 
and  during  secretion  the  blood  of  the  renal  vein  is  bright  red.    [In  the  dog  the 

diameter  of  the  renal  artery  may  be  diminished  to  -5  mm.  without  the  amount  of 
blood  flowing  through  the  kidney  being  thereby  greatly  interfered  with.  Hence, 
within  wide  limits,  "the  amount  of  blood  is  independent  of  the  size  of  the  arterial 
lumen,  and  is  therefore  dependent  on  the  blood-pressure  in  the  aorta,  and  the 
resistance  to  the  blood-current  within  and  beyond  the  kidney  {Heidenhain).'] 

The  reaction  of  the  kidneys  is  acid,  even  in  those  animals  whose  urine  is  alkaline.  Perhaps 
this  fact  is  connected  with  the  retention  of  the  albumin  in  the  vessels, 

275.  PASSAGE  OF  VARIOUS  SUBSTANCES  INTO  THE  URINE.— 1.  The  following  sub- 
stances pass  unchanged  into  the  urine  :— Sulphate,  borate,  silicate,  nitrate,  and  carbonate 
of  the  alkalies  ;  alkaline  chlorides,  bromides,  iodides  ;  potassium  sulphocyanide  and  ferro- 
cyanide  :  bile  salts,  urea,  kreatinin  ;  cumaric,  oxalic,  camphoric,  pyrogaUic,  and  carbolic  acids. 
Many  alkaloids,  e.g.,  morphia,  strychnia,  curare,  quinine,  catfein  ;  'pigments,  sulphindigotate 
of  soda,  carmine,  madder,  logAvood,  colouring  matter  of  cranberries,  cherries,  rhubarb  ;  santonin  ; 
lastly,  salts  of  gold,  silvei',  mercury,  antimony,  arsenic,  bismuth,  iron  (but  not  lead),  although 
the  greatest  part  of  these  is  excreted  by  the  bile  and  the  faces. 

2.  Inorganic  acids  reappear  in  man  and  Carnivora  as  neutral  salts  of  ammonia  ;  in  herbivora, 
as  neutral  salts  of  the  alkalies. 

3.  Certain  substances  which,  when  injected  in  small  amount,  seem  to  be  decomposed  in  the 
blood,  pass  in  part  into  the  urine,  when  they  occur  in  such  large  amount  in  the  blood  that 
they  cannot  be  completely  decomposed—sugar,  haemoglobin,  egg-albumin,  alkahne  salts  of  the 
vegetable  acids,  alcohol,  chloroform. 

4.  Many  substances  appear  in  an  oxidised  form  in  the  urine — moderate  quantities  of 
organic  alkaline  salts,  as  alkaline  carbonates  {JVohler),  uric  acid  in  part  as  allantoin 
{Salkoioski),  sulphides  and  sulphites  of  soda,  in  part  as  sodium  sulphate,  potassium  sulphide  as 
potassium  sulphate,  some  oxyduls  as  oxides,  benzol  as  phenol  {Naunyn  and  Schulzen). 

5.  Those  bodies  which  are  completely  decomposed,  as  glycerin,  resins,  give  rise  to  no  special 
derivatives  in  the  urine. 

6.  Many  substances  combine  and  appear  as  conjugated  compounds  in  the  urine,  e.g.,  the 
origin  of  the  hippuric  acid  by  conjugation  (§  260),  the  conjugation  of  sulphuric  acid  (§  262),  and 
the  formation  of  urea  by  synthesis  from  carbamic  acid  and  ammonia  {Brechsei)  (§  256).  After 
the  use  of  camphor,  chloral,  or  butylchloral,  a  conjugated  compound  with  glycuronic  acid  (an 
acid  nearly  related  to  sugar)  appears  in  the  urine  (p.  517).  [Chloral  appears  as  urochloralic 
acid,  and  chloroform  partly  as  ru'ochloralic  acid  ;  gallic  and  pyrogallic  acids  partly  as  such, 
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and  partly  as  pyrogallol,  pyrokatechin,  and  other  substances  which  turn  brown  when  alkaline 
urine  is  exposed  to  the  air.]  Taurin  and  sarcosin  unite  with  sulphaminic  acid.  When  bronio- 
phenol  is  given,  it  unites  with  mercapturic  acid,  a  body  nearly  related  to  cystin  (§  268). 

7.  Tannic  acid,  C14H10O9,  takes  up  and  is  decomposed  into  two  molecules  of  gallic  acid 
--=  2(C,UM. 

8.  The  iodates  of  potash  and  soda  are  reduced  to  iodides  ;  malic  acid  (C4H6O5)  partly  to 
succinic  acitl  (C4H6O4)  ;  indigo-blue  (CjeHioNgOg)  takes  up  hydrogen  and  becomes  indigo-white 
(C.eH.oN^O,). 

9.  Some  substances  do  not  pass  into  the  urine  at  all,  e.g.,  oils,  insoluble  metallic  salts  and 
metals. 

276.  INFLUENCE  OF  NERVES  AND  OTHER  CONDITIONS.— At  present 
we  are  acquainted  merely  Avith  the  influence  of  the  vaso-motor  nerves  on  the 
circulation  through  the  renal  vessels.  Uach  kidney  seems  to  be  supplied  with  vaso- 
motor nerves,  which  spring  from  both  halves  of  tlie  spinal  cord  [Nicolaides).  As 
a  general  rule,  dilatation  of  the  branches  of  tile  renal  artery,  chiefly  the  vasa 
afferentia,  must  raise  the  pressure  within  the  glomeruli,  and  thus  increase  the 
amount  of  water  filtered  through  them.  The  more  the  dilatation  is  confined  to  the 
area  of  the  renal  artery  alone,  the  greater  is  the  amount  of  the  urine.  In  the  dog, 
the  lower  dorsal  nerves  contain  the  most  vaso-motor  nerves — both  vaso-constrictor 
and  vaso-dilator  (p.  534) — for  the  kidney  {Bradford).  [As  yet  we  know  the 
nervous  system  influences  the  secretion  of  urine  only  in  so  far  as  it  modifies  the 
pressure  and  velocity  of  the  blood-current  in  the  kidney.  We  have  no  satisfactory 
evidence  of  the  existence  of  direct  secretory  nerves  in  the  kidney.] 

1.  Renal  Plexus  and  its  Centre.— Section  of  the  nerves  of  the  renal  plexus — 
the  nerves  around  the  renal  artery — generally  causes  a  considerable  increase  in  the 
secretion  of  urine,  hydruria  or  polyuria ;  sometimes,  on  account  of  the  great  rise 
of  the  pressure  within  the  glomeruli,  albumin  passes  into  the  urine,  and  there  may 
be  rupture  of  the  vessels  of  the  glomeruli,  leading  to  the  passage  of  blood  into  the 
urine.  The  nerve-centre  for  the  renal  nerves  lies  in  the  floor  of  the  fourth 
ventricle,  in  front  of  the  origin  of  the  vagus.  Injury  to  this  part  of  the  floor  of  the 
fourth  ventricle,  e.g.,  by  puncture  (piqCire),  may  increase  the  amount  of  urine 
(diabetes  insipidus),  which  is  sometimes  accompanied  by  the  simultaneous  appear- 
ance of  albumin  and  blood  in  the  urine  {GL  Berriard).  Section  of  the  parts  which 
lie  directly  in  the  course  of  these  fibres,  as  they  pass  from  their  centre  to  the  kidney, 
l^roduces  the  same  effects.  Close  to  this  centre  in  the  medulla  lies  the  centre  for 
the  vaso-motor  nerves  of  the  liver,  whose  injury  causes  diabetes  mellitus  (§  175). 
Eckhard  found  that  stimulation  of  the  vermiform  process  of  the  cerebellum  produced 
hydruria.  In  man,  stimulation  of  these  parts  by  tumours  or  inflammation,  &c., 
produces  similar  results. 

2.  Paralysis  of  Limited  Vascular  Areas. — If,  simultaneously  with  the  paralysis 
of  the  nerves  of  the  renal  artery,  the  nerves  of  a  neighbouring  large  vascular  area 
be  paralysed,  necessarily  the  blood-pressure  in  the  renal  artery  area  will  not  be  so 
high,  as  more  blood  flows  into  the  other  paralysed  province.  Under  these  circum- 
stances, there  may  be  only  a  temporary,  or,  indeed,  no  increase  of  urine,  provided 
the  paralysed  area  be  sufficiently  large.  There  is  a  moderate  increase  of  urine  for 
several  hours  after  section  of  the  splanchnic  nerve.  This  nerve  contains  the  renal 
vaso-motor  nerves  (which,  in  part  at  least,  leave  the  spinal  cord  at  the  first  dorsal 
nerve  and  pass  into  the  sympathetic  nerve),  but  it  also  contains  the  vaso-motor 
nerves  for  the  large  area  of  the  intestinal  and  abdominal  viscera.  Stimulation  of 
this  nerve  has  the  opposite  effect  {CI.  Bernard,  Eckhard).  [The  polyuria  thus 
produced  is  not  so  great  as  after  section  of  the  renal  nerves,  because  the  splanchnic 
supplies  such  a  large  vascular  area,  that  much  blood  accumulates  in  that  area,  and 
also  because  all  the  renal  nerves  do  not  run  in  the  splanchnics.] 

3.  Paralysis  of  Large  Areas.— If,  simultaneously  with  paralysis  of  the  renal 
nerves,  the  great  majority  of  the  vaso-motor  nerves  of  the  body  be  paralysed  [as  by 
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section  of  the  medulla  oblongata],  then,  owing  to  the  great  dilatation  of  all  these 
vessels,  the  blood-pressure  falls  at  once  throughout  the  arterial  system.  The  result 
of  this  may  be,  provided  the  pressure  is  sufficiently  low,  that  there  is  a  great  decrease 
or,  it  may  be,  entire  cessation  of  the  secretion  of  urine.  The  secretion  is  arrested 
when  the  cervical  cord  is  completely  divided,  down  even  as  far  as  the  seventh 
cervical  vertebra  {Echhard).    The  polyuria  caused  by  injury  to  the  floor  of  the 

fourth  ventricle  at  once 
disappears  when  the 
spinal  cord  (even  down 
to  the  twelfth  dorsal 
nerve)  is  divided. 

[4.  Other  Conditions. 
—  As  already  stated, 
section  of  the  renal 
nerves  is  followed  by 
polyuria,  owing  to  the 
increased  pressure  in 
the  glomeruli,  but  this 
polyuria  may  be  in- 
creased by  stimulating 
the  spinal  cord  below 
the  medulla  oblongata, 
because  the  contraction 
of  the  blood  -  vessels 
throughout  the  body  still  further  raises  the  blood-pressure  within  the  glomeruli. 
If,  however,  the  spinal  cord  be  divided  below  the  medulla  oblongata— the  renal 
nerve  being  also  divided — the  polyuria  ceases,  because  of  the  fall  of  the  general 
blood-pressure  thereby  produced.    Division  of  the  spinal  cord  in  the  dorsal  region 


Fig.  347. 

View  of  renal  oncometer  ;  the  small  one  is  shown  open. 


Fig.  348.  Fig.  349. 

T\<f  348.— Oncometer.  K,  kidney  ;  the  thick  line  is  the  metalHc  capsule  ;  Ji,  hinge  ;  I,  tube 
for  filling  apparatus  ;  T,  tube  to  connect  with  Tj  ;  a,  v,  u,  artery,  vein,  ureter  {Stirling, 
after  Roy).  Fig.  349.— Oncograph.  C,  chamber  filled  with  oil,  communicating  by  with 
T  ;  p,  piston  ;  I,  writing-lever  {Stirling,  after  Roy). 

also  diminishes  or  arrests  the  secretion  of  urine,  owing  to  the  fall  of  the  blood- 
pressure  ;  but  animals  recover  from  this  operation,  the  general  blood-pressure  rises, 
and  with  it  the  secretion  of  urine.  Stimulation  of  the  cord  below  the  medulla 
arrests  the  secretion,  as  it  causes  contraction  of  the  renal  arteries  along  with  the 
other  arteries  of  the  body.] 

[Volume  of  the  Kidney — Oncometer. — By  means  of  the  Plethysmograph  (§101) 
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we  can  measure  the  variations  in  the  size  of  a  limb,  while  by  the  oncograph  (oy/co?, 
volume)  similar  variations  in  the  volume  of  the  spleen  are  measured  (§  103).  Roy 
and  Cohnheim  have  measured  the  variations  in  the  volume  of  the  kidney  by  means 
of  an  instrument  which  consists  of  two  parts,  one  termed  the  oncometer  or  renal 
plethysmometer,  in  which  the  organ  is  enclosed,  while  the  other  part  is  the 
registering  portion  or  oncograph.  The  kidney  is  enclosed  in  a  kidney-shaped 
metallic  capsule  (figs.  347,  348),  composed  of  two  halves  which  move  on  the 
hinge,  h,  to  introduce  the  organ.  The  renal  vessels  pass  out  at  a,  v.  The  kidney 
is  surrounded  with  a  thin  membrane,  and  between  this  membrane  and  the  inner 
surface  of  the  capsule  is  a  space  filled  with  warm  oil  through  the  tube,  I,  which  is 
closed  by  means  of  a  stop-cock  after  the  space  is  filled  with  oil.  The  tube  T  can 
be  made  to  communicate  with  another  tube,  T^,  leading  into  a  metallic  chamber, 
C,  of  the  oncograph  (fig.  349),  which  is  provided  with  a  movable  piston,  p, 
attached  by  a  thread  to  the  writing-lever,  Any  increase  in  the  size  of  the  organ 
expels  oil  from  the  chamber,  O,  into  C,  and  thus  the  piston  is  raised,  while  a 
diminution  in  the  size  of  the  kidney  diminishes  the  fluid  in  C,  and  the  lever  falls. 
The  actual  volume  of  the  living  kidney  depends  upon  the  state  of  distention  of 
its  structural  elements,  upon  the  amount  of  lymph  in  its  lymph-spaces,  but  chiefly 
upon  the  amount  of  blood  in  its  blood-vessels,  and  this  again  must  depend  upon 
the  condition  of  the  non-striped  muscles  in  the  renal  arteries.  When  the  vessels 
dilate,  the  kidney  increases  in  size,  and  when  they  contract  it  contracts,  so  that 
we  can  register  on  the  same  revolving  cylinder  the  variations  of  the  volume  at  the 
same  time  that  we  record  the  general  arterial  blood-pressure.] 

[In  the  normal  circulation  through  the  kidney,  the  kidney-curve,  i.e.,  the  curve 
of  the  volume  of  the  kidney,  runs  parallel  with  the  blood-pressure  curve,  and  shows 
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Fig.  350. 

B.  P.,  Blood-pressure  curve  ;  K.,  curve  of  the  volume  of  the  kidney  ;  T,  time  curve  :  intervals 
indicate  a  quarter  of  a  minute  ;  A,  abscissa  {Stirlmg,  after  Roy). 

the  large  respiratory  undulations,  as  well  as  the  smaller  elevations  due  to  the  systole 
of  the  heart  (fig.  350).  In  this  respect  it  diflers  sharply  from  a  spleen-curve 
(fig.  140).  Usually,  when  the  blood-pressure  falls,  the  kidney-curve  sinks,  and 
when  the  blood-pressure  rises  the  volimie  of  the  kidney  increases.  When  the 
Ijlood-pressure  curve  is  complicated  by  Traube-Hering  waves  (§  85)  the  opposite 
eff'ect  is  produced  on  the  kidney-curve  ;  the  highest  blood-pressure  corresponds  to 
the  smallest  size  of  the  kidney,  and  conversely.  This  is  due  to  the  fact  that, 
when  these  curves  occur,  all  the  small  arterioles,  including  those  in  the  kidney, 
are  contracted.  A  kidney  placed  in  an  oncometer  secretes  urine  like  a  kidney 
under  natural  conditions.] 

[Arrest  of  the  respiration  in  a  curarised  animal  produces  a  rapid  and  great 
diminution  of  the  volume  of  the  kidney,  caused  by  the  venous  blood  stimulating  the 
vaso-motor  centres,  and  thus  contracting  the  small  arterioles,  including  those  of  the 
kidney.  This  result  occurs  whether  one  or  both  splanchnics  are  divided,  proving 
that  all  the  vaso-motor  nerves  of  the  kidney  do  not  reach  it  through  the  splanch- 
nics.   When  all  the  renal  nerves  at  the  hilum  are  divided,  arrest  of  the  respiration 
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causes  dilatation  of  the  organ,  wliicli  condition  runs  parallel  with  the  rise  of  the 
blood-pressure.  Stimulation  of  a  sensory  nerve,  e.g.,  the  central  end  of  the 
sciatic  nerve,  while  causing  an  increase  of  the  blood-pressure,  makes  the  kidney 
shrink.] 

[In  poisoning  with  strychnin,  the  kidney  shrinks  while  the  blood-pressure  rises. 
Stimulation  of  the  central  or  peripheral  end  of  the  splanchnics,  divided  at  the 
diaphragm,  causes  contraction  of  the  renal  vessels  of  hotli  sides ;  the  former  is  a  re- 
flex, the  latter  a  direct  effect.  Stimulation  of  the  peripheral  end  of  one  splanchnic 
sometimes  affects  both  kidneys.  Stimulation  of  the  peripheral  end  of  the  renal 
nerves  always  causes  a  diminution  in  the  volume  of  the  kidney,  so  that  Cohnheim 
and  Roy  inferred  that,  although  there  was  evidence  of  the  existence  of  yaso-motor 
and  sensory  nerves  to  the  kidney,  they  found  none  of  vaso-dilators.  Each  kidney 
acts  independently  of  the  other.  Sudden  compression  of  one  renal  artery  has  not 
the  slightest  efl'ect  upon  the  blood-current  of  the  other  kidney.  If  a  kidney  be 
exposed  in  an  animal,  by  making  an  incision  in  the  lumbar  region,  on  stimulating 
the  medulla  oblongata  directly  with  electricity,  we  may  observe  the  kidney  itself 
becoming  paler,  the  pallor  appearing  in  a  great  many  small  spots  on  the  surface  of 
the  organ,  corresponding  to  the  distribution  of  the  interlobular  arteries.] 

[Cohnheim  showed  that  the  chemical  composition  of  the  blood  has  a  remark- 
able effect  on  the  renal  circulation,  the  kidney  being  very  sensitive  to  such  changes 
in  the  composition  of  the  blood.  Some  substances  (water  and  urea),  when  injected 
into  the  blood,  cause  the  kidney  first  to  shrink  and  then  to  expand,  while  sodic 
acetate  dilates  the  kidney,  even  after  all  the  renal  nerves  are  divided— an  operation 
which  is  very  difficult  indeed.  Provided  all  the  renal  nerves  be  divided,  these 
effects  would  indicate  the  existence  of  some  local  intra-renal  vaso-motor  mechanism 
governing  the  renal  blood-vessels.  The  general  blood-pressure  is  not  thereby 
modified ;  nor  need  we  wonder  at  this,  as  ligature  of  one  renal  artery  does  not 
increase  the  pressure  in  the  aorta.] 

[Vaso-constrictor  and  vaso-dilator  nerves  to  kidney. — Rose  and  Bradford,  by 
enclosing  the  kidney  of  a  dog  in  an  oncometer-tube  confirmed  the  view,  that  not 
only  are  the  kidneys  well  supplied  with  vaso-constrictor  fibres,  but  that  they 
also  receive  vaso-dilator  fibres.  The  vaso-COnstrictor  fibres  leave  the  spinal  cord 
(dog)  by  the  anterior  roots  of  the  spinal  nerves  as  high  as  the  6th  dorsal,  and  as. 
low  as  the  2nd  lumbar,  (or  even  4th);  but  by  stimulating  the  peripheral  end  of  each 
nerve-root  singly,  and  observing  the  effect  on  the  volume  of  the  kidney,  it  has  been 
shown  that  the  largest  number  pass  out  by  the  11th,  12th,  and  13th  dorsal  nerves. 
From  the  anterior  roots  they  enter  the  corresponding  ganglia  of  the  sympathetic, 
they  enter  the  solar  plexus,  and  pass  via  the  renal  plexus  into  the  kidney.  Some 
apparently  do  not  enter  the  splanchnic  nerve.  Vaso-constrictor  nerves  are  best 
excited  by  rapid  electrical  stimulation.] 

[Vaso-dilator  fibres.— It  is  a  peculiarity  of  vaso-dilator  fibres  that  they  are  best 
excited  by  sloiv  rhythmical  stimulation  (§  372)  (2-5  shocks  per  sec),  and  if  the 
peripheral  end  of  the  anterior  roots  of  certain  of  these  nerves  be  stimulated  the 
kidney  dilates,  showing  that  these  nerves  contain  vaso-dilator  as  well  as  vaso-con- 
strictor fibres  and  the  vaso-dilators  seems  to  take  the  same  course  as  the  constric- 
tors, being  most  abundant  in  the  11th,  12th,  and  13th  dorsal  nerves.] 

[The  reciprocal  relation  between  the  skin  and  the  kidneys  is  known  to  every 
one.  On  a  cold  day,  when  the  skin  is  pallid,  owing  to  contraction  of  the  cutaneous 
vessels,  the  amount  of  urine  secreted  is  great,  and  conversely,  in  summer  less  urine 
is  passed  than  in  winter.  Washing  the  skin  of  a  dog  for  two  minutes  with  ice- 
cold  water  causes  a  great  contraction  of  the  kidney.] 

The  perfusion  of  blood  through  a  living  excised  kidney,  ^.6'.,  a  "surviving 
kidney,"  is  materially  influenced  by  the  substances  mixed  with  the  blood  perfused. 
This  effect  may  in  part  be  due  to  the  action  of  these  chemical  ingredients  upon  the 
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nuclei  of  the  endothelial  lining  of  the  blood-vessels,  especially  the  capillaries,  or 
the  effects  wpon  the  nmscnlar  fibres  of  the  Ijlood- vessels. 

[Strychnin  seems  to  cause  contraction  of  tlie  renal  vessels,  independently  of  its  action  on  the 
general  vaso-motor  centre.  Brunton  and  Power  found  that  digitahs  caused  an  increase  of  the 
blood-pressure  (dog),  but  the  secretion  of  urine  was  either  at  the  same  time  diminished,  or  it 
ceased  altogether.  The  latter  result  was  due  to  contraction  of  the  renal  blood-vessels,  but  when 
the  aortic  blood-pressure  began  to  fall,  the  amount  of  urine  secreted  rose  much  above  normal 
i.  e.,  when  the  arteries  had  begun  to  relax.] 

During  fever,  the  renal  vessels  are  probably  contracted  in  consequence  of  the  stimulation  of 
the  renal  centre  by  the  abnormally  warm  blood  (Mendelsohn). 

The  repeated  respiration  of  CO  is  said  to  produce  j)olyuria,  perhaps  in  consequence  of 
paralysis  of  the  renal  vaso-motor  centre. 

Action  of  the  Vagus, —According  to  CI,  Bernard,  stimulation  of  the  vagus  at  the  cardia  in- 
creases the  urinary  secretion,  while  at  the  same  time  the  blood  of  tlie  renal  vein  becomes  red. 
This  nerve  may  contain  vaso-dilator  nerve-libres  corresponding  to  the  fibres  in  the  facial  nerve 
for  the  salivary  glands  (§  145). 

According  to  Arthaud  and  Butte,  stimulation  of  the  peripheral  end  of  the  vagus  diminishes 
the  blood-stream  in  the  kidney  and  the  secretion  of  urine.  Atropin,  however,  prevents  this 
from  taking  place.  The  vagus,  therefore,  would  appear  to  contain  some  vaso-motor  fibres  for 
the  kidney.  Stimulation  of  tlie  cervical  sympathetic  also  diminishes  the  secretion.  This 
seems  to  be  due  to  a  reflex  effect  through  the  spinal  cord  affecting  the  splanchnies  [Masius). 

277.  URMIA— AMMONIiEMIA.— Symptoms  of  Uraemia, —After  excision  of  the  kidneys, 
nephrectomy,  or  ligature  of  the  ureter  ;  in  man  also,  as  a  result  of  certain  diseased  conditions 
of  the  kidney,  leading  to  the  suppression  of  the  secretion  of  urine,  there  is  developed  a  series  of 
characteristic  symptoms  which  are  followed  by  death.  The  condition  is  called  uremic  intoxi- 
cation, or  uraemia.  There  are  marked  cerebral  phenomena,  drowsiness,  and  deep  coma,  and 
occasionally  local  or  more  general  spasms.  Sometimes  there  is  delirium ;  Cheyne-Stokes' 
phenomenon  is  often  observed  (§  111,  II.),  and  there  may  be  vomiting  and  diarrhoea,  while  in 
the  fluids  voided,  as  well  as  in  the  expired  air,  ammonia  may  sometimes  be  detected. 

The  cause  of  these  phenomena  has  been  ascribed  to  the  retention  in  the  blood  of  those  sub- 
stances which  normally  are  excreted  by  the  urine,  but  as  yet  it  has  not  been  definitely  ascer- 
tained which  of  these  substances  causes  the  ])henomena  :— 

1.  The  first  thought  is  to  ascribe  them  to  the  retention  of  the  urea,  V,  Voit  found  that 
dogs  exhibited  ursemic  symptoms  if  they  were  fed  for  a  long  time  on  food  containing  urea  and 
little  water,  Meissner  found  that  in  nephrectomised  animals  the  uriiemic  symptoms  were 
hastened  by  the  injection  of  urea  into  the  blood.  The  injection  of  a  moderate  amount  of  urea 
in  perfectly  healthy  animals  is  not  followed  by  urfcmic  symptoms,  probably  because  the  urea 
is  rapidly  excreted  by  the  kidneys  ;  1  to  2  grams  [15  to  30  grains]  so  injected  produce 
comatose  symptoms  in  rabbits.  Dogs  died  in  convulsions  after  the  subcutaneous  injection  of  urea 
equal  to  1  per  cent,  of  their  body- weight.  Although  animals  die  with  convulsions  after  the 
injection  of  urea,  this  is  not  to  be  confounded  with  the  intermittent  convulsions  of  uraimic 
poisoning. 

2.  The  injection  of  ammonium  carbonate  produces  sym])toms  resembling  those  of  urnemia,  so 
that  V.  Frerichs  thought  that  the  urea  was  decomposed  in  the  blood,  yielding  ammonium 
carbonate — ammoni£emia.  Demjankow  observed  urasmic  phenomena  after  nephrectomy,  if  at 
the  time  he  injected  urea-ferment  into  the  blood  (§  263).  Neither  after  nephrectomy  alone,  nor 
with  simultaneous  injection  of  urea  into  the  blood,  has  any  ammonia  been  foimd  in  the  blood. 
It  seems,  therefore,  that  the  spontaneous  formation  of  urea  cannot  take  place  in  the  blood,  and 
it  cannot  be  the  cause  of  urremic  convulsions.  Feltz  and  Ritter  obtained  uremic  symptoms  in 
dogs  by  injecting  salts  of  ammonia  into  the  blood. 

3.  As  ligature  of  the  ureters  produces  a  comatose  condition  in  those  animals  Avhich  excrete 
chiefly  uric  acid  in  the  urine — e.g.,  birds  and  snakes  (Zalesky) — it  is  possible  that  other  sub- 
stances may  produce  the  poisonous  symptoms.  The  injection  of  kreatinin  causes  feebleness 
and  contraction  of  the  muscles  in  dogs  {Meissner).  Bernard,  Traube,  and  more  recently  Feltz 
and  Ritter,  ascribe  the  symptoms  to  an  accumulation  of  the  neutral  potassium  salts  in  the  blood 
(§  54).  ^The  injection  of  kreatin,  succinic  acid  (Meissner),  uric  acid,  and  sodic  urate  (Ranke),  is 
without  ett^ect,  Schottin  and  Oppler  ascribe  the  results  to  an  accumulation  of  normal  or  abnor- 
mal extractives.  It  is  possible  that  several  substances  and  their  decomposition-products 
contribute  to  produce  the  result,  so  that  there  is  a  combined  action  of  several  factors,  but  per- 
haps the  retention  of  the^jotos/i  salts  plays  the  most  important  part. 

The  direct  application  of  some  urinary  substances  (kreatinin,  kreatin,  acid  potassic  phosphate, 
urates)  to  the  surface  of  the  cerebrum  causes  all  the  symptoms  of  uraemia.  Urea  is  inactive, 
and  slightly  active  are  ammonium  and  sodic  carbonate,  leucin,  NaCl,  KCl  (Landois). 

[Alkaloids  in  Urine. — Human  urine,  and  especially  febrile  urine,  when  injected  under  the 
skin  of  frogs  or  rabbits,  acts  as  a  poison,  and  even  causes  death,  by  arresting  the  respiration. 
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The  alkaloids,  i.e.,  ptomaines  and  leucomaines,  seem  to  be  formed  by  the  action  of  vegetable 
organisms  in  the  intestine,  whence  they  are  absorbed  into  the  blood,  and  pass  into  the  urine 
(§  116).  This,  however,  is  denied  by  some  observers,  who  state  that  normal  urine  is  free  from 
such  bodies.  Urine  rendered  colourless  by  charcoal  loses  half  its  toxic  power,  and  the 
poisonous  substance  is  not  volatile,  and  even  resists  boiling.  These  alkaloids  are  increased  in 
the  urine  in  typhoid  fever,  pneumonia,  but  not  in  diabetes.] 

Uric  Acid  Diathesis. — When  too  much  nitrogenous  food,  too  much  of  any  alcoholic  fluid  is 
persistently  used,  and  little  muscular  exercise  taken,  especially  if  the  respiratory  organs  are  in- 
terfered with,  lu-ic  acid  may  not  unfrequently  accumulate  in  the  blood  {Garrod).  It  may  be 
deposited  in  the  joints  and  their  ligaments,  especially  in  the  foot  and  hand,  giving  rise  to  pain- 
ful inflammation,  and  forming  gout-stones  or  chalk-stones  [which  are  acid-urates].  The  heart, 
liver,  and  kidneys  are  rarely  aftected.    The  tissues  near  these  deposits  undergo  necrosis. 
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OF    THE    URETER.— Mucous 

Membrane. — The  pelvis  of  the 
kidney  and  the  ureter  are  lined  by 
a  mucous  membrane,  consisting 
of  connective-tissue,  and  covered 
with  several  layers  of  stratified 
"transitional"  epithelium  (fig. 
352).  The  cells  are  of  various 
shapes,  those  of  the  lowest  layer 
being  usually  more  or  less  spheri- 
cal and  small,  while  many  of  the 
cells  in  the  upper  layers  are  ir- 
regular in  shape,  often  with  long 
processes  passing  into  the  deeper 
layers. 

Sub-mucosa. — Under  the  epi- 
/    ■  ,v  :  '  tlielium  there  is  a  layer  of  adenoid 

tissue  {Hamhurgei\  Chiari),  Avhich 
-----  may  contain  small  lymph-follicles 

Fig.  35L  [embedded   in   loose  connective- 

Transverse  section  of  the  lower  part  of  human  ureter,  tissue].  In  the  pelvis  of  the 
X  15.  e,  epithelium ;  t,  tunica  propria ;  s,  sub-  kidney  and  ureter  there  are  a 
mucosa  ;  I  and  r,  longitudinal  and  circular  fibres.      ^^^^  ^^^^^j^   mucous   glands  lined 

by  a  single  layer  of  columnar  epithelium  (  Ü7iruJi,  Egli). 

The  muscular  coat  consists  of  an  inner  somewhat  stronger  layer  of  lomjitudinal 
_  Cylindrical  nou-stripcd  fibres,  and  an  outer  circular 

layer  (fig.  351).  In  the  lowest  third  of  the 
ureter  there  are  in  addition  a  number  of 
scattered  muscular  fibres.  All  these  layers 
are  surrounded  and  supported  by  connec- 
tive-tissue. The  outer  layers  of  the  connec- 
tive-tissue form  an  outer  coat  or  adventitia, 
which  contains  the  large  vessels  and  nerves. 
The  various  coats  of  the  ureter  can  be 
followed  up  to  the  pelvis  of  the  kidney, 
^  '  -  -  v.r  "       TnTiiVn       and  to  its  calices.    The  papillae  are  covered 

only  by  the  mucous  membrane,  while  the 
muscular  layer  ceases  at  the  apex  of  the 
pyramids,  where  they  are  disposed  circu- 
larly, to  form  a  kind  of  sphincter  muscle 
for  each  papilla  (Henle). 
The  blood-vessels  supply  the  various  coats,  and  form  a  capillary  plexus  under  the  epithelium. 
The  nerves  are  not  very  numerous,  but  they  contain  medullated  (few)  and  non-medullated 
fibres,  with  numerous  ganglia  scattered  in  their  course.    They  are  partly  motor  and  supply  the 


cells. 


Fig.  352. 

A^ertical  section  of  the  mucous  membrane 
of  a  human  bladder. 
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Fig.  353. 

Isolated  transitional  epithelium 
from  the  bladder  of  a  guinea- 
pig.  Some  of  the  large  cells 
lie  upon  the  summit  of  the 
columnar  and  caudate  cells, 
and  depressions  are  seen  on 
their  under  surface.  a,  a 
superficial  cell  seen  from  the 
side,  and  a'  from  below  ;  h, 
and  c,  cells  from  the  deeper 
layers.     x  300  {Stirling). 


muscular  layers,  and  some  pass  towards  the  epithelium,  and  are  sensory  and  excito-reflcx  in  func- 
tion.   These  nerves  are  excited  when  a  calculus  passes  along  the  ureter,  and  thus  give  rise  to 
severe  pain.    The  ureter  perforates  the  wall  of  the  bladder  obliquely.    The  inner  opening  is  a 
narrow  slip  in  the  mucous  membrane,  directed  downwards  and 
inwards,and  provided  with  a  pointed  valve-like  process  (fig.  354). 

Movement  of  the  Urine. — The  urine  is  propelled 
along  the  ureter  thus  : — (1)  The  secretion,  which  is 
continually  being  formed  under  a  high  pressure  in 
the  kidney,  projjels  the  urine  onwards  in  front  of  it, 
as  the  urine  is  under  a  low  pressure  in  the  ureter.  (2) 
Gravity  aids  the  passage  of  the  urine  when  the  person 
is  in  the  erect  posture.  (3)  The  muscles  of  the  ureter 
contract  rhythmically  and  peristaltically,  and  so  propel 
it  towards  the  bladder.  This  movement  is  reflex,  and 
is  due  to  the  presence  of  the  urine  in  the  ureter. 
Every  three-quarters  of  a  minute  several  drops  of 
urine  pass  into  the  bladder.  But  the  fibres  may  also 
be  excited  directly.  The  contraction  passes  along  the 
tube  at  the  rate  of  twenty  to  thirty  mm.  per  second, 
always  from  above  downwards.  The  greater  the 
tension  of  the  ureter  due  to  the  urine,  the  more  rapid 
is  the  peristaltic  movement. 

Local  Stimulation. — On  applying  a  stimulus  to  the  ureter 
directly,  the  contraction  passes  both  upwards  and  downwards. 
Engelmann  .observed  that  the  movements  occur  in  parts  of  the  ureter  where  neither  nerves  nor 
ganglia  were  to  be  found,  and  he  concluded  that  the  movement  was  x>ropagated  by  "  muscular 
conduction."  If  this  be  so,  then  an  impulse  may  be  propagated  from  one  non-striped  muscular 
cell  to  another  without  the  intervention  of  nerves  (see  Heart,  §  58,  I.,  3). 

Prevention  of  Reflux. 

— The  urine  is  i^re vented 
from  exerting  a  backward 
pressure  towards  the 
Iddneys  :— (1)  The  urine 
which  collects  in  the  pelvis 
of  the  kidney  is  under  a 
high  pressure,  and  thus 
tends  uniformly  to  com- 
press the  pyramids  so  that 
the  urine  cannot  joass  into 
the  minute  orifices  of  the 
urinary  tubules.  (2)  When 
there  is  a  considerable 
accumulation  of  urine  in 
a  ureter,  e.g.,  from  the 
presence  of  an  impacted 
calculus  or  other  cause, 
there  is  also  more  ener- 
getic peristalsis,  and,  at 
the  same  time,  the  circular 
muscular  fibres  round  the 
apices  of  pyramids  com- 
press the  pyramids  and 
prevent  the  reflux  of  urine  through  the  collecting  tubules.  The  urine  is  prevented 
from  passing  back  from  the  bladder  into  the  ureter,  the  wall  of  the  bladder  itself, 
and  the  part  of  the  ureter  which  passes  through  it,  are  compressed,  so  that  the 


Lower  part  of  the  human  bladder  laid  open,  sliowing  clear  part, 
or  trigone,  the  slit-like  openings  of  the  ureters,  the  divided 
ureters,  and  vesicul»  seminales;  the  sinus  prostaticus,  and  on 
each  side  of  it  the  openings  of  the  ejaculatory  ducts,  and 
below  both  numerous  small  apertures  of  the  prostatic  ducts. 
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edges  of  the  slit-like  opening  of  the  ureter  are  rendered  more  tense,  and  are  thus 
approximated  towards  each  other  (fig.  354). 

279.  URINARY  BLADDER  AND  URETHRA.— Structure.— The  mucous 

membrane  of  the  bladder  resembles  that  of  the  ureter ;  the  upper  layers  of  the 
stratified  transitional  epithehum  are  somewhat  flattened  (fig.  354).  It  is  obvious 
that  the  form  of  the  cells  must  vary  with  the  state  of  distention  or  contraction 
in  the  bladder.  [The  mucous  membrane  and  muscular  coats  are  thicker  than 
in  the  ureter.  There  are  mucous  glands  in  the  mucous  membrane,  especially 
near  the  neck  of  the  bladder.]  .  . 

Sub-mucous  Coat. —There  is  a  layer  of  delicate  fibrillar  connective-tissue  mixed 
with  elastic  fibres  between  the  mucous  and  muscular  layers. 

[The  serous  coat  is  continuous  with,  and  has  the  same  structure  as  the  peri- 
toneum and  it  covers  only  the  posterior  and  upper  half  of  the  organ.] 

M.nscvla.tme.— Non-striped  muscular  fibres  are  arranged  in  bundles  m  several 
layers,  an  external  longitudinal  layer,  best  developed  on  the  anterior  and  posterior 
surfaces,  and  an  in7ier  circular  layer.  [Between  these  two  is  an  oblique  layer.] 
There  are  other  bundles  of  muscular  fibres  arranged  in  difi^erent  directions. 
Physiologically,  the  musculature  of  the  bladder  represents  a  single  or  common 
hollow  muscle,  whose  function  when  it  contracts  is  to  diminish  uniformly  the  size 
of  the  bladder,  and  thus  to  expel  its  contents  (§  306). 

Tlie  blood-vessels  resemble  those  of  the  ureter.  The  nerves  form  a  plexus,  and  are  placed 
partly  in  the  niucons  membrane  and  partly  in  the  muscular  coat,  and  like  all  the  extra-renai 
parts  of  the  urinary  apparatus,  are  provided  with  ganglia,  lying  m  the  mucosa,  snb-mucosa, 
and  connected  to  each  other  by  fibres  {Maier).  Ganglia  occur  in  the  course  of  the  motor  nerve- 
fibres  in  the  bladder  ( JF.  Wolff).  Their  functions  are  motor,  sensory,  excito-motor,  and  vaso- 
motor.   [Sympathetic  nerve-ganglia  also  exist  underneath  the  serous  coat  [F  Darwm).\ 

A  too  minute  dissection  of  the  several  layers  and  bundles  of  the  musculature  of  the  bladder 
has  given  rise  to  erroneous  inferences.  Thus,  we  speak  of  a  detrusor  unnse,  which,  however, 
consists  chiefly  of  fibres  running  on  the  anterior  and  posterior  surfaces,  from  the  vertex  to  the 
fundus.  There  does  not  seem  to  be  a  special  sphincter  vesica  internus  ;  it  is  merely  a  thicker 
circular  (6  to  12  mm.)  layer  of  non-striped  muscle  which  surrounds  the  begmning  of  the 
urethra,  and  which,  from  its  shape,  helps  to  form  the  funnel-like  exit  of  the  bladder.  Numerous 
muscular  bundles,  connected  partly  with  the  longitudinal  and  partly  with  the  circular  fibres  ot 
the  bladder,  exist,  especially  in  the  trigone,  between  the  orifice  of  the  ureters. 

In  the  female,  the  urethra  serves  merely  for  the  passage  of  urine.  The  mucous  membrane 
consists  of  connective-tissue  with  many  elastic  fibres,  and  provided  with  papillje.  It  is  covered 
bv  stratified  epithelium  and  contains  several  mucous  glands  [Littre).  Outside  this  is  a  layer 
of  longitudinal,  smooth,  muscular  fibres,  and  outside  this  again  a  layer  of  circular  fibres.  Many 
elastic  fibres  exist  in  all  the  layers,  which  are  traversed  by  numerous  wide  venous  channels. 

The  proper  sphincter  urethras  is  a  transversely  striped  muscle  subject  to  the  will, 
and  consists  of  completely  circular  fibres  which  extend  downwards  as  far  as  the 
middle  of  the  urethra,  and  partly  of  longitudinal  fibres,  which  extend  only  on  the 
posterior  surface  towards  the  base  of  the  bladder,  where  they  become  lost  between 
the  fibres  of  the  circular  layer. 

In  the  male  urethra,  the  epithehum  of  the  prostatic  part  is  the  same  as  that  in  the  bladder  ; 
in  the  membranous  portion  it  is  stratified,  and  in  the  cavernous  part  the  simple  cylindrical 
form  The  mucous  membrane,  under  the  epithelium  itself,  is  beset  with  papillm,  chiefly  in  the 
posterior  part  of  the  urethra,  and  contains  the  mucous  glands  of  Littre. 

Non-striped  muscle  occurs  in  the  prostatic  part  arranged  longitudinally,  chiefly  at  the 
colliculus  seminalis  ;  in  the  membranous  portion  the  direction  of  the  fibres  is  chiefly  circular, 
with  a  few  longitudinal  fibres  intercalated;  the  cavernous  part  has  a  few  circular  fibres 
posteriorly,  but  anteriorly  the  muscular  fibres  are  single  and  placed  obliquely  and  longitudi- 
nally. 

Closure  of  the  Bladder.— The  so  called  internal  vesical  sphincter  of  the 
anatomists,  which  consists  of  non-striped  muscle,  is  in  reality  an  integral  part  of 
the  muscular  coat  of  the  bladder,  and  surrounds  the  orifice  of  the  urethra  as  far 
down  as  the  prostatic  portion,  just  above  the  colHculus  seminahs.    It  is,  however. 
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not  the  sphincter  muscle.  The  proper  sphincter  urethrge  (sph.  vesicae  externiis) 
Hes  below  the  latter.  It  is  a  completely  circular  muscle  disposed  around  the 
urethra,  close  above  the  entrance  of  the  urethra  into  the  septum  urogenitale  at  the 
apex  of  the  prostate,  where  it  exchanges  fibres  with  the  deep  transverse  muscle  of 
the  perinseum  which  lies  under  it. 

Some  longitudinal  fibres,  which  run  along  the  upper  margin  of  the  prostate  from  the  bladder, 
belong  to  this  sphincter  muscle.  Single  transverse  bundles  passing  forward  from  the  surface  of 
the  neck  of  the  bladder,  the  transverse  bands  which  lie  within  the  prostate,  the  apex  of  the 
colliculns  seminalis,  and  a  strong  transverse  bundle  passing  in  front  of  the  origin  of  the  urethra 
into  the  substance  of  the  prostate — all  belong  to  the  sphincter  muscle  (Henle).  In  the  male 
urethra,  the  blood-vessels  form  a  rich  capillary  plexus  under  the  epithelium,  below  which  is  a 
wide-meshed  lymphatic  plexus. 

[Tonus  of  Sphincter  Urethrae. — Open  the  abdomen  of  a  rabbit,  ligature  one  ureter,  tie  a 
cannula  in  the  other,  and  pour  Avater  into  the  bladder  until  it  runs  out  through  the  urethra, 
which  usually  occurs  under  a  pressure  of  16  to  20  inches.  If  the  spinal  cord  be  divided  between 
the  fifth  and  seventh  lumbar  vertebra?,  a  column  of  6  inches  is  sufficient  to  overcome  the 
resistance  of  the  sphincter,  while  section  at  the  fourth  lumbar  vertebra  has  no  effect  on  the 
height  of  the  pressure.  In  such  an  animal  the  bladder  becomes  distended,  but  in  one  with  its 
cord  divided  between  the  fifth  and  seventh  lumbar  vertebrte,  there  is  incontinence  of  urine — 
in  the  former  case  because  the  excito-motor  impulses  are  cut  off  from  the  centre  (5  to  J 
vert.),  and  in  the  latter  because  the  tonus  of  the  sphincter  is  destroyed  {Kiqri'essow).  This 
tonus  is  denied  by  Landois  and  others,] 

280.  ACCUMULATION  OF  UEINE— MICTURITION.— After  emptying  the 
bladder,  the  urine  slowly  collects  again,  the  bladder  being  thereby  gradually  dis- 
tended. [A  healthy  bladder  may  be  said  to  be  full  when  it  contains  20  oz.]  As 
long  as  there  is  a  moderate  amount  of  urine  in  the  bladder,  the  elasticity  of  the 
elastic  fibres  surrounding  the  urethra,  and  that  of  the  sphincter  of  the  urethra  (and 
in  the  male  of  the  prostate),  suffice  to  retain  the  urine  in  the  bladder.  This  is 
shown  by  the  fact  that  the  urine  does  not  escape  from  the  bladder  after  death.  If 
the  bladder  be  greatly  distended  (1"5  to  1"8  litre),  so  that  its  apex  projects  above 
the  pubes,  the  sensory  nerves  in  its  walls  are  stimulated  and  cause  a  feeling  of  a 
full  bladder,  while  at  the  same  time  the  urethral  opening  is  dilated,  so  that  a  few 
drops  of  urine  pass  into  the  beginning  of  the  urethra.  Besides  the  subjective 
feeling  of  a  full  bladder,  this  tension  of  the  walls  of  the  bladder  causes  a  reflex 
effect,  so  that  the  urinary  bladder  contracts  periodically  upon  its  fluid  contents, 
and  so  do  the  sphincter  of  the  urethra  and  the  muscular  fibres  of  the  urethra,  and 
thus  the  urethra  is  closed  against  the  passage  of  these  drops  of  urine.  As  long  as 
the  pressure  within  the  bladder  is  not  very  high,  the  reflex  activity  of  the  trans- 
versely striped  sphincter  overcomes  the  other  (as  during  sleep) ;  but  as  the  pressure 
rises  and  the  distention  increases,  the  contraction  of  the  walls  of  the  bladder  over- 
comes the  closure  produced  by  the  sphincter,  and  the  bladder  is  emptied,  as  occurs 
normally  in  young  children. 

As  age  advances,  the  sphincter  urethrae  comes  under  the  control  of  the  will,  so 
that  it  can  be  contracted  voluntarily,  as  occurs  in  man  when  he  forcibly  contracts 
the  bulbo-cavernosus  muscle  to  retain  urine  in  the  bladder.  The  sphincter  ani 
usually  contracts  at  the  same  time.  The  reflex  activity  of  the  sphincter  may  also 
be  inhibited  voluntarily,  so  that  it  may  be  completely  relaxed.  This  is  the  con- 
dition when  the  bladder  is  emptied  voluntarily. 

Slight  movements,  confined  to  the  bladder,  occur  during  psychical  or  emotional  disturbances 
{e.g.,  anger,  fear),  [the  bladder  may  be  emptied  involuntarily  during  a  fright],  after  stimulation 
of  sensory  nerves,  auditory  impressions,  restraining  respiration,  and  by  arrest  of  the  heart's 
action.  There  are  slight  periodic  variations  coincident  with  variations  in  the  blood-pressure. 
The  contractions  of  the  bladder  cease  after  deep  inspiration,  and  also  during  apnoea  {Mosso  and 
Pellaeani),  The  excised  bladder  of  the  frog,  and  even  portions  free  from  ganglia,  exhibit 
rhythmical  contractions,  which  are  increased  by  heat  {Pfalz).  [Ashdown  found  in  dogs  that 
the  bladder  exhibits  regular  rhythmical  contractions,  which  were  influenced  by  the  degree  of 
distention  of  the  bladder,  being  most  marked  with  moderate  dilatation  and  least  when  the 
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bladder  was  feebly  or  over-distended.    The  contractions  could  be  registered  by  means  of  a 
water-manometer  communicating  with  the  interior  of  the  bladder.] 

Nerves  of  micturition.— The  nerves  concerned  in  the  retention  and  evacuation 

of  the  urine  are  :  1.  The  motor  nerves  of  the  sphincter  urethrse,  which  lie  in  the 

pudendal  nerve  (anterior  roots  of  the  third  and  fourth  sacral  nerves).  When  these 
nerves  are  divided,  as  soon  as  the  bladder  becomes  so  distended  as  to  düate  the 
urethral  opening,  the  urine  begins  to  trickle  away  (incontinence  of  urine)._  2.  The 
sensory  nerves  of  the  urethra,  which  excite  these  reflexes,  leave  the  spmal  cord 
by  the  posterior  roots  of  the  third,  fourth,  and  fifth  sacral  nerves.  Section  of 
these  nerves  causes  incontinence  of  urme.  The  centre  for  the  reflex  m  dogs  lies 
opposite  the  fifth,  and  in  rabbits  opposite  the  seventh  lumbar  vertebra  {Budge) 
3.  Fibres  pass  from  the  cerebrum— those  that  convey  voluntary  impulses  through 
the  peduncles,  and  the  anterior  columns  of  the  spinal  cord  (according  to  Mosso 
and  Pellacani,  through  the  posterior  columns  and  the  posterior  part  of  the  lateral 
columns),  to  the  motor  fibres  of  the  sphincter  urethrse.  4.  The  mhibitory  fibres 
concerned  in  the  reflex-inhibition  of  the  sphincter  urethrse  take  the  same  course 
(perhaps  from  the  optic  thalamus'?)  downwards  through  the  cord  to  where 
the  third,  fourth,  and  fifth  sacral  nerves  leave  it.  5.  Sensory  nerves  proceed 
from  the  urethra  and  bladder  to  the  brain,  but  their  course  is  not  known.  Some 
of  the  motor  and  sensory  fibres  lie  for  a  part  of  their  course  in  the  sympathetic. 

[Just  as  the  rectum  is  supphed  by  two  sets  of  nerve-fibres,  so  the  bladder 
receives  nerve-fibres,  viz.,  from  the  sacral  nerves.  Stimulation  of  these  nerves 
not  only  causes  contraction  of  the  longitudinal  fibres  of  the  rectum,  but  also  con- 
traction of  the  bladder,  in  which  act  the  longitudinal  muscular  fibres  of  the 
bladder  take  the  most  active  part.  Stimulation  of  the  hypogastric  nerves  coming 
from  the  upper  lumbar  and  dorsal  region  cause  chiefly  contraction  of  the  circular 
fibres  of  the  bladder,  as  well  as  contraction  of  the  circular  fibres  of  the  rectum.] 

Transverse  section  of  the  spinal  cord  above  where  the  nerves  leave  it,  is 
always  followed  in  the  first  instance  by  retention  of  urine,  so  that  the  bladder  be- 
comes distended.  This  occurs  because— (1)  the  section  of  the  spinal  cord  increases 
the  reflex  activity  of  the  urethral  sphincter  ;  and  (2),  because  the  inhibition  of 
this  reflex  can  no  longer  take  place.  As  soon,  however,  as  the  bladder  becomes 
so  distended,  as  in  a  purely  mechanical  manner  to  cause  dilatation  of  the  urethral 
orifice,  then  the  urine  trickles  away,  but  the  amount  of  urine  which  trickles  out 
in  drops  is  small.  Thus  the  bladder  becomes  more  and  more  distended,  as  the 
continuously  distended  walls  of  the  organ  yield  to  the  increased  tension,  so  that 
the  bladder  may  become  distended  to  an  enormous  extent.  The  urme  very 
frequently  becomes  ammoniacal,  accompanied  by  catarrh  and  inflammation  of  the 
bladder  (§  263).  ^      n         i  i. 

[In  dogs,  with  their  cord  divided  at  the  last  dorsal  vertebra,— whereby  the  lumbar 
part  of  the  cord  is  completely  cut  off  from  all  volitional  impulses,— after  a  time, 
i.e.  when  the  cord  has  recovered,  micturition  takes  place  reflexly  when  the  bladder 
is  full.  The  reflex  act  may  be  excited  by  gentle  stimulation  of  the  skin  round  the 
anus  or  slight  pressure  on  the  abdomen  {Golt?}).'] 

Voluntary  Micturition. — Observers  are  not  agreed  as  to  the  mechanism  con- 
cerned in  emptying  the  bladder  when  it  is  only  partially  full.  It  is  stated  by  some 
that  a  voluntary  impulse  passes  from  the  brain  along  a  cerebral  peduncle,  and  the 
cord,  to  the  anterior  roots  of  the  third  and  fourth  sacral  nerves,  and  partly  through 
motor  fibres  from  the  second  to  the  fifth  lumbar  nerves  (especially  the  third),  to  act 
directly  upon  the  smooth  muscular  fibres  of  the  bladder.  This  is  assumed,  because 
electrical  stimulation  of  any  part  of  this  nervous  channel  causes  contraction  of  the 
bladder.  This  vicAv,  however,  does  not  seem  to  be  the  true  one.  It  is  to  be  re- 
membered that  Budge  showed  that  the  sensory  nerves  of  the  wall  of  the  bladder 
are  contained  in  the  first,  second,  third,  and  fourth  sacral  nerves,  and  also  m  part 
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in  the  course  of  the  hypogastric  plexus,  whence  they  ultimately  pass  by  the  rami 
communicantes  into  the  spinal  cord. 

According  to  Landois,  the  smooth  musculature  of  the  bladder  cannot  he  excited 
directly  by  a  voluntary  impulse,  but  it  is  always  caused  to  contract  reflexly.  If  we 
wish  to  micturate  when  the  urinary  bladder  contains  a  small  quantity  of  urine, 
we  first  excite  the  sensory  nerves  of  the  opening  of  the  urethra,  either  by  causing 
contraction  or  relaxation  of  the  sphincter  urethrse,  or  by  means  of  slight  abdominal 
pressure,  and  thus  force  a  little  urine  into  the  urethral  orifice.  This  sensory 
stimulation  causes  a  reflex  contraction  of  the  walls  of  the  urinary  bladder.  At 
the  same  time,  this  condition  is  maintained  voluntarily,  hj  the  action  of  the  intra- 
cranial reflex-inhibitory  centre  of  the  sphincter  urethrse.  The  centre  for  the  reflex 
stimulation  of  the  movements  of  the  tualls  of  the  urinary  hladder  is  placed  some- 
what higher  in  the  spinal  cord  than  that  for  the  sphincter  urethrte.  In  dogs,  it  is 
opposite  the  fourth  lumbar  vertebra  {Gianuzzi,  Badge). 

[Two  centres  are  assumed  to  exist  in  the  cord,  fig.  355,  one  the  automatic  (A.C.)  at  the  seginent 
corresponding  to  the  second,  third,  and  fourth  sacral  nerves,  which  maintains  the  tonic  action  of 
the  sphincter  ;  the  other,  a  reflex  centre  (R.C.),  is  situated  higher, 
and  through  it  the  detrusor  iirinte  is  excited  to  contraction.  Both 
centres  are  connected  to  and  governed  or  controlled  by  a  cerebral 
centre  (C).  The  automatic  centre  is  connected  with  the  sphincter, 
and  the  other  with  the  urine-expelling  fibres.  They  are  also 
connected  with  aH"erent  fibres  from  the  bladder  and  elsewhere. 
The  afferent  or  sensory  fibres  are  also  connected  with  the  brain. 
The  automatic  centre  maintains  the  closure  of  the  bladder,  but 
if  the  latter  be  distended,  diff"erent  impulses  proceeding  from 
it  reach  the  spinal  centre,  and  it  may  be  the  cerebrum.  The 
impulses  reaching  the  automatic  centre  inhibit  its  action  and 
those  to  the  reflex  centre  excite  it,  so  that  the  detrusor  urinaj 
contracts.  If  the  afferent  impulses  be  powerful,  a  desire  to 
urinate  is  excited,  and  voluntary  impulses  are  excited  which  act 
upon  the  spinal  centres  as  the  afferent  impulses  do,  and  thus 
the  act  of  urination  is  more  easily  accomplished.! 

We  may  conceive  a  voluntary  impulse  to  pass  down  special 
fibres  to  an  inhibitory  centre,  which  may  either  act  directly  on 
the  motor  centre,  or  possibly  may  send  branches  directly  to 
the  sphincter  muscles. 

Painful  stimulation  of  sensory  nerves  causes  reflex  contraction 
of  the  bladder  and  evacuation  of  the  urine  (in  children  during 
teething).  Reflex  contraction  of  the  bladder  can  be  brought 
about  in  cats  by  stimulation  of  the  inferior  mesenteric  ganglion. 
After  section  of  all  the  nerves  going  to  the  bladder,  hfemorrhage 
and  asphyxia  cause  contraction  by  a  direct  effect  upon  the  struc- 
tures in  the  wall  of  the  bladder.  As  yet  no  one  has  succeeded 
in  exciting  artificially  the  inhibitory  centre  in  the  brain  for  the 
sphincter  muscle  [Sokowin  and  Kowalesky). 

It  seems  probable  that,  as  in  the  case  of  the  anal  sphincter  (§ 
160),  there  is  not  a  continuous  tonic  reflex  stimulation  of  the 
sphincter  urethra?  ;  the  reflex  is  excited  each  time  by  the  con- 
tents. The  sphincter  vesicse  of  the  anatomists,  which  consists 
of  smooth  muscular  tissue,  does  not  seem  to  take  part  in  closing 
the  bladder.  Budge  and  Landois  found  that,  after  removal  of 
the  transversely  striped  sphincter  urethrte,  stimulation  of  the  smooth  sphincter  did  not 
cause  occlusion  of  the  bladder,  nor  could  L.  Rosenthal  or  v.  Witticli  convince  them- 
selves of  the  presence  of  tonus  in  this  muscle.  Indeed,  fits  very  existence  is  questioned  by 
Henle. 

Changes  of  the  Urine  in  the  Bladder, — When  the  urine  is  retained  in  the  bladder  for  a 
considerable  time,  according  to  Kaupp,  there  is  an  increase  in  the  sodium  chloride  and  a 
decrease  in  the  urea  and  water.  Urine  which  remains  for  a  long  time  in  the  bladder  is  prone 
to  undergo  ammoniacal  decomposition. 

Absorption. — Many  observers  have  shown  that  the  mucous  membrane  of  the  bladder  is 
capable  of  absorbing  substances — potassium  iodide  and  other  soluble  salts.  [Ashdown  has  shown 
that  poisons,  such  as  watery  solutions  of  strychnin,  curare,  eserin,  emulsions  of  chloroform  and 
ether,  are  absorbed  when  injected  into  the  bladder  of  rabbits.    In  rabbits,  KI  injected  into  the 


Fig.  355. 

Scheme  of  micturition: — A.C., 
R.C.,  C,  automatic,  reflex, 
and  cerebral  centres  ;  B. , 
bladder  ;  S.,  sensory  centre 
acted  on  by  afferent  im- 
pulses. 
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bladder  throuo-h  a  catheter  was  found  in  tlie  urine  obtained  from  the  divided  ureters.  Water 
and  urea  are  also  absorbed— the  latter  in  larger  proportion  than  the  former.] 

As  the  ureters  enter  near  the  base  of  the  bladder,  the  last-secreted  urine  is  always  lowest._  II 
a  person  remain  perfectly  quiet,  strata  of  urine  are  thus  formed,  and  the  urine  may  be  voided 

'^te'^wesIure^'^iS^S^b^^^  ^vhen  in  the  supine  position  =  13  to  15  centimetres  of 
water  Increase  of  the  intra-abdominal  pressure  (by  inspiration,  forced  expiration,  coughing, 
beaiTna  down)  increases  the  pressure  within  the  bladder.  The  erect  posture  also_  increases  it 
owi  "  to  the  pressure  of  the  viscera  from  above  [ScJiatz,  Duho  s)  [James  obtained  4  to  4-5 
inche°s  H-  as  the  highest  expulsive  power  of  the  bladder,  including  the  abdominal  pressure, 
voluntary  and  involuntary.  In  paraplegia,  where  there  is  merely  the  expulsive  power  of  the 
bladder  he  found  20  to  30  inches  of  water.]  ,  ,  ^■^  ^  ^  ■ 

rHydronep^^^^^^  occurs  when  the  ureters  and  pelvis  of  the  kidney  become  dilated  owing  to 
pa -till  and  gradual  obstruction  of  the  outflow  of  urine  from  the  ureters:  if  the  obstruction 
become  complete,  there  is  cessation  of  the  urinary  secretion  James  has  shown  that  the  bladder 
remains  contracted  for  several  seconds  after  it  is  emptied,  ami  this  is  specially  the  case  m 
irritable  bladder  ;  so  that  this  condition  may  also  give  rise  to  hydronephrosis  by  damming  up 

^^^RStv  omrcTuritiin.-The  amount  of  urine  voided  at  first  is  small  but  it  increases  with 
thrtime  and  towards  the  end  of  the  act  it  again  diminishes.  In  men,  the  last  drops  of  urme 
are  e  ected  from  the  urethra  by  voluntary  contractions  of  the  bu  bo-cavernosus  muscle.  Adult 
doers  increase  the  stream  rhythmically  by  the  action  of  this  muscle. 

281  —RETENTION  AND  INCONTINENCE  OF  URINE. —Retention  of  urine  or  ischuria 
opp„.s  —1  When  there  is  obstruction  of  the  urethra,  from  foreign  bodies  concretions, 
stricture  swelling  of  the  prostate.  2.  Paralysis  or  exhaustion  of  the  musculature  of  the 
bladder  the  latter  sometimes  occurs  after  delivery,  in  consequence  ot  the  pressui-e  ot  the  child 
al-ünst  the  bladder.  3.  After  section  of  the  spinal  cord  (p  540).  4.  Where  the  voluntary 
impulses  are  unable  to  act  upon  the  inhibitory  apparatus  of  the  sphincter  urethras  reflex,  as  well 
as  when  the  sphincter  urethrfe  reflex  is  increased.  .  ü     i    •     p  ^i . 

Incontinence  of  urine  (stiUicidium  urin«)  occurs  in  consequence  of-1.  Paralysis  of  the 
snhhicter  urethras.  2.  Loss  of  sensibility  of  the  urethra,  which  of  course  abohshes  the  reflex  of 
the  sphincter.    3.  Trickling  of  the  urine  is  a  secondary  consequence  of  section  of  the  spinal 

''Skngly^sTexctLTv'e  reflex  contraction  of  the  walls  of  the  bladder  and  sphincter,  due  to 
stimulation  of  the  bladder  and  urethra  ;  it  is  observed  in  inflammation,  neuralgia  [and  after  the 

"^EnureS^nSS:^^^  emptying  of  the  bladder  at  night  may  be  due  to  an 

increased  reflex  excitability  of  the  wall  of  the  bladder,  or  weakness  of  the  sphincter. 

989  rmvrPARATIVE  AND  HISTORICAL.— Amongst  vertebrates,  the  urinary  and  genital 
or'an;  are Yet-^tly^^^^^  except  in  the  osseous  fishes.  The  Wolffian  bodies,  which  act 
Ts  oi-ans  0  excretion  during  the  embryonic  period,  remain  throughout  life  m  fishes  and  amphi- 
as  to  act  as  such     Fishes.— The  myxinoids   cyclostomata   have  the  simplest 

SrevT   on  elXsidef  a^^  with  a  series'of  short-st'alked  glomeruli  with  capsules 

Sran^d  alon eft.  Both  ureters  open  at  the  genital  pore.  In  the  other  fishes,  the  kidneys 
wfen  as  e  onaated  compact  masses  along  both  sides  of  the  vertebral  column.  The  two  ureters 
unite  to  form  a  urethra,  which  always  opens  behind  the  anus,  either  united  with  the  opening  of 
X  'enital  ^^^^^^^  this.    In  the  sturgeon  and  hag-fish  the  anus  and  orifice  of  the 

urXa  together  fm-m  a  cloaca.  Bladder-like  formations,  which  however,  are  morphologically 
homo  ocrous^w^^^^^^  urinary  bladder  of  mammals,  occur  in  fishes,  either  ou  each  ureter  (ray 
1  rähT  orrhere  both  join.^  In  amphibians,  the  vasa  efierentia  of  the  testic  es  are  united  with 
liag-hsh),  J  .    ,  ■    the  frog  unites  with  the  one  on  the  other  side,  and  both  con- 

tLT:^Vt^l:.  t^^  urinary  Uaääer  opens  through  the  anterior 

Si  of  t^e  cloaca  From  reptiles  upwards,  the  kidney  is  no  longer  a  persistent  Wolffian  body, 
but  a  new  o  -an  In  reptiles,  it  is  usually  flattened  and  elongated  ;  the  ureters  opeir  singly 
?nto  the  ircf  saurians  and  tortoises  have  a  urinary  bladder.  In  birds  the  isolatea  ureters 
oien  into  the  uroge'iit^  sinus,  which  opens  into  the  cloaca,  internal  to  the  excretory  ducts  of 
tT  crenital  apparatus.    The  urinary  bladder  is  always  absent.    In  mammals,  the  kidneys  often 

'°ltoil?in\Vr^Ä  --^-y  -g--     '''^  .^^^■■^^  ""'/T^  "^^^^^ 

Amongst  mverxe  opening.    In  the  mussel  this  canal  is  provided  with  a  sponge- 

irätr  Ln\  Ih  a  en^^^^^^^^^  consisting  of  ciliated  secretory  cells,  placed  at  the 

base  of'the  Sil s  (organ  of  Bojanus).  In  gasteropods,  with  analogous  organs,  uric  acid  has  been 
fnnnd  iLects  Sers  and  centipedes  have  the  so-called  Malpighian  vessels,  which  are 
found     insects    spiaerb   a  p  so-called  bile.    These  vessels  are  long  tubes, 

rntSinTuube  perhaps  have  the  same  functions.    The  vermes  also  have  renal  organs. 
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Historical. — Aristotle  directed  attention  to  the  relatively  large  size  of  the  human  bladder — 
he  named  the  ureters.  Massa  (1552)  found  lymphatics  in  the  kidney.  Eustachius  (f  1580) 
ligatured  the  ureters  and  found  the  bladder  empty.  Cusanus  (1565)  investigated  the  colour 
and  weight  of  the  urine.  Rousset  (1581)  described  the  muscular  nature  of  the  walls  of  the 
bladder.  Yesling  described  the  trigone  (1753).  The  first  important  chemical  investigations  on 
the  urine  date  from  the  time  of  van  Helmont  (1644).  He  isolated  the  solids  of  the  urine,  and 
found  among  them  common  salt ;  he  ascertained  the  higher  specific  gravity  of  fever-urine,  and 
ascribed  the  origin  of  urinary  calculi  to  the  solids  of  the  urine.  Scheele  (1766)  discovered  uric 
acid  and  calcium  phosphate  ;  Arandand  Kunckel,  phosphorus  ;  Rouelle  (1773),  urea  ;  and  it  got 
its  name  from  Fourcroy  and  Vauquelin  (1799).  Berzelius  found  lactic  acid  ;  Seguin,  albumin 
in  pathological  urine  ;  Liebig,  hippimc  acid  ;  Heintz  and  v.  Pettenkofer,  kreatin  andkreatinin; 
Wollaston  (1810),  cystin.    Marcet  found  xanthin  ;  and  Lindbergson,  magnesic  carbonate. 


283.  STRUCTURE  OF  THE  SKII^,  HAIRS,  AND  NAIL.— The  skin  (3-3 

to  2*7  mm.  thick;  specific  gravity,  1057)  consists  of — 
[1.  The  epidermis ; 

2.  The  chorium,  or  cutis  vera,  with  the  papillse  (fig.  356).] 
The  epidermis  (0-08  to  0-12  mm.  thick)  consists  of  many  layers  of  stratified 


Functions  of  the  Skin. 
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Fig.  356. 

Vertical  section  of  the  human  skin. 


epithelial  cells  united  to  each  other  by  cement  substance  (figs.  356,  357,  358). 
The  superficial  layers — stratum  corneum — consist  of  several  or  many  layers  of 
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stratum 
corneuni. 


dry  horny  non-nucleated  squanies,  which  swell  up  in  solution  of  caustic  soda  (fig. 
358  E).  [It  is  always  thickest  where  intermittent  pressure  is  applied,  as  on  the 
sole' of  the  foot  and  palm  of  the  hand.]  The  next  layer  is  the  stratum  lucidum, 
which  is  clear  and  transparent  in  a  section  of  skin,  hence  the  name,  and  consists 
of  a  few  compact  layers  of  clear  cells  with  vestiges  of  nuclei.  [The  cells  are  two 
or  three  deep,  are  without  granules,  and  do  not  stain  readily.]  Under  this  is 
the  rete  mucosum  or  rete  Malpighii  (fig.  358,  d),  consisting  of  many  layers  of 
nucleated  protoplasmic  epithelial  cells  which  contain  pigment  in  the  dark  races, 

and  in  the  skin  of  the  scrotum,  and  around 
the  anus.    [The  superficial  cells  are  more 
fusiform— at  least  they  appear  fusiform  in 
section— and  contain  granules  which  stain 
deeply  with  carmine  and  osmic  acid,  and 
they  are  devoid  of  prickles.    They  consti- 
tute, 3,  the  stratum  granulosum.  In 
these  cells  the  formation  of  keratin  is 
about  to  begin,  and  they  contain  two  sets 
of  granules — the   intra-cellular,  hyaline, 
albumenoid  granules  of  AYaldeyer,  which 
stain  with  logwood,  and  the  eleidin  gran- 
ules of  Kanvier,  which  seem  to  be  allied 
to  fatty  bodies,  and  are  readily  stained  by 
alkanet.    All  corneous  structures  contain 
similar  granules  in  the  area  where  the  cells 
are   becoming   corneous.      Then  follow 
several  layers  of  more  or  less  polyhedral 
cells,  constituting  the  stratum  Malpighii, 
softer  and  more  plastic  in  their  nature, 
and  exhibiting  the  characters  of  so-called 
"prickle  cells"   (fig.    358,   K).  [The 
spaces  between  the  fibrils  connecting  adja- 
cent cells  are  lymph-spaces.]    The  deepest 
layers  of  cells  are  more  or  less  columnar, 
and  the  cells  are  placed  vertically  upon 
the  papillae  and  are  provided  with  spherical 
nuclei.    Granular  leucocytes  or  wandering 
cells  are  sometimes  found  between  these 
cells.     The  rete  Malpighii   dips  down 
between  adjacent  papillse  and  forms  inter- 
papillary  processes.    According  to  Klein,  a  delicate  basement  membrane  separates 
the  epidermis  from  the  true  skin.]    The  superficial  layers  of  the  epidermis  are  con- 
tinually beino-  thrown  ofi",  while  new  cells  are  continually  being  formed  m  the 
deeper  layers  of  the  skin  by  proliferation  of  the  cells  of  the  rete  Malpighn,  so 
that  many  of  the  cells  may  exhibit  mitosis.    There  is  a  gradual  change  m  the 
microscopic  and  chemical  characters  of  the  cells  from  the  deepest  to  the  super- 
ficial layers  of  the  epidermis.    [In  a  vertical  section  of  the  skm  stained  with 
picro-carmine,  the  S.  granulosum  is  deeply  stained  red,  and  is  thus  readily  dis- 
tinguished amongst  the  other  layers  of  the  epidermis.] 


Fig.  357. 

Vertical  section  of  the  liuman  epidermis  ; 
the  nerve-fibrils,  n,  b,  stained  with  gold 
chloride. 


/  (1)  Stratum  corneum. 

Epidermis  J  (2)  Stratum  lucidum, 

(fig.       )  (3)  Stratum  granulosum, 

357),      (  (4)  Stratum  Malpighii, 


Cuticle. 

,  )  Rete 
I  Mucosum. 


No  pigment  is  formed  within  the  epidermis  itself  [but  in  the  coloured  races 
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pigment-granules  of  melanin  exist  in  the  cells  of  the  deepest  layers  of  the 
stratum  Malpighii] ;  when  it  is  present,  it  is  carried  by  leucocytes  from  the 
subcutaneous  tissue  {Rield,  Ehrmann,  Aehij).  This  explains  how  it  is  that  a  piece 
of  white  skin,  trans]-)lanted  to  a  negro,  becomes  black  {Kanj). 


Fig.  358. 

I,  Vertical  section  of  the  skin,  with  a  hair  and  sebaceous  gland,  T.  Epidermis  and  chorium 
shortened— 1,  outer  ;  2,  inner  fibrous  layer  of  the  hair-folHcle  ;  3,  its  hyahne  layer  ;  4, 
outer  root-sheath  ;  5,  Huxley's  layer  of  the  inner  root-sheath  ;  6,  Henle's  layer  of  the 
same  ;  p,  root  of  the  hair,  with  its  papilla  ;  A,  arrector  pili  muscle  ;  C,  chormm  ;  a,  sub- 
cutaneous fatty  tissue  ;  h,  epidermis  (horny  layer)  ;  d,  rete  Malpighii  ;  cj,  blood-vessels  ot 
papillfe  ;  v,  lymphatics  of  the  same  ;  h,  horny  or  corneous  substance  ;  i,  medulla  or  pith  ; 
k,  epidermis  or  cuticle  of  hair  ;  K,  coil  of  sweat-gland  ;  E,  epidermal  scales  (seen  from  above 
and  en  face)  from  the  stratum  corneum  ;  R,  prickle  cells  from  the  rete  Malpighn  ;  n,  super- 
ficial, and  m,  deep  cells  from  the  nail;  H,  hair  magnified ;  c,  cuticle  ;  c,  medulla,  with  cells; 
.  /,  /,  fusiform  fibrous  cells  of  the  substance  of  the  hair  ;  x,  cells  of  Huxley's  layer  ;  1,  those 
of  Henle's  layer  ;  S,  transverse  section  of  a  sweat-gland  from  the  axilla  ;  a,  smooth  mus- 
cular fibres  surrounding  it;  t,  cells  from  a  sebaceous  gland,  some  of  them  containing 
granules  of  oil. 

[Herxheimer  has  described  some  peculiar  "spirals  "  in  the  epidermis.  They  seem  to  be  due 
to  coagulation  of  a  proteid.] 

The  chorium  (fig.  358,  I,  C)  is  beset  over  its  entire  surface  by  numerous  (0'5 
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Fig.  359 

Papillfe  of  the  skin,  epidermis  removed,  blood- 
vessels injected  ;  some  contain  a  Wagner's  toucli- 
corpuscle,  a,  the  others  a  capillary  loop. 


to  0-1  mm.  high)  papillae  (figs.  356,  358),  the  largest  being  upon  the  volar  surface 
of  the  hand  and  foot,  on  the  nipple  and  glans  penis.  Most  of  the  papillae  contain 
a  looped  capillary  {g),  while  in  certain  regions  some  of  them  contain  a  touch- 
corpuscle  (fig.  359,  a).  The  papillae  are  disposed  in  groups,  whose  arrangement 
varies  in  different  parts  of  the  body.  In  the  palm  of  the  hand  and  sole  of  the  foot 
they  occur  in  rows,  which  are  marked  out  by  the  existence  of  delicate  furrows  on 
the  surface  visible  to  the  naked  eye.  The  chorium  consists  of  a  dense  network  of 
bundles  of  white  fibrous  tissue  mixed  with  a  network  of  elastic  fibres,  which  are 

more  delicate  in  the  papillse.  In 
silversmiths  the  elastic  fibres  are 
blackened  by  the  partial  deposition 
of  reduced  silver,  and  the  same  ob- 
tains in  those  who  take  silver  nitrate 
in  such  quantity  as  to  produce 
argyria.  The  connective-tissue  con- 
tains many  connective-tissue  corpus- 
cles and  numerous  leucocytes.  The 
deeper  connective-tissue  layers  of  the 
chorium  gradually  pass  into  the 
subcutaneous  tissue,  where  they 
form  a  trabecular  arrangement  of 
bundles,  leaving  between  them  elon- 
gated rhomboidal  spaces  filled  for  the  most  part  Avith  groups  of  fat-cells  (figs. 
356,  358,  a,  a).  [In  microscopic  sections,  after  the  action  of  alcohol,  the  fat- 
cells  not  unfrequently  contain  crystals  of  margarin  (fig.  295).]  The  long  axis  of 
the  rhomb  corresponds  to  the  greater  tension  of  the  skin  at  that  part  {C.  Langer). 
In  some  situations  the  subcutaneous  tissue  is  devoid  of  fat  [penis,  eyelids].  In 
many  situations,  the  skin  is  fixed  by  solid  fibrous  bands  to  subjacent  structures, 
as  fascia,  ligaments  or  bones  (tenacula  cutis) ;  in  other  parts,  as  over  bony  promi- 
nences, bursfe  partially  lined  with  endothelium  and  filled  with  synovia-hke 
fluid,  occur. 

Smooth  muscular  fibres  occur  in  the  chorium  in  certain  situations  on  extensor 
surfaces  {Neumann) ;  nipple,  areola  mammse,  prepuce,  perinseum,  and  in  special 
abundance  in  the  tunica  dartos  of  the  scrotum. 

[Guanin  in  the  Skin.— The  skin  of  many  amphibians  and  reptiles  contain  brown  or  black 
pigment-granules,  and  other  grannies  of  a  white,  silvery,  or  chalky  appearance.  Lwald  and 
Krukenberg  have  shown  that  the  latter  consist  of  guanin,  and  that  this  substance  is  very 
widely  diffused  in  the  skin  of  fishes,  amphibians,  and  reptiles.  Test  :— Select  a  piece  oi  skm 
from  the  belly  of  a  frog  ;  place  it  in  a  porcelain  capsule  as  for  the  murexide  test  add  concen- 
trated nitric  acid,  and  heat  to  dryness,  when  a  yellow  residue  is  obtained  ;  on  adding  a  drop  ot 
caustic  soda  a  red  colour  is  struck.  The  yellow  residue  gives  no  reaction  with  ammonia,  it  to 
the  fluid  more  water  be  added,  and  it  be  then  heated,  distributed  over  the  surface  of  the  cap- 
sule, and  cooled  by  blowing  upon  it,  various  shades  of  purple  and  violet  are  obtained.] 

The  nails  (specific  gravity  1T9)  consist  of  numerous  layers  of  solid,  horny,  homo- 
geneous, epidermal,  or  nail-cells,  which  may  be  isolated  with  a  solution  of  caustic 
alkali,  when  they  swell  up  and  exhibit  the  remains  of  an  elongated  nucleus  (fig. 
358,  ?^,  m).  The  whole  under-surface  of  the  nail  rests  upon  the  nail-bed ;  the 
lateral  and  posterior  edges  lie  in  a  deep  groove,  the  nail-groove  (fig.  360,  e).  The 
chorium  under  the  nail  is  covered  throughout  its  entire  extent  by  longitudinal  rows 
of  ridges  (fig.  360,  d).  Above  this  there  lies,  as  in  the  skin,  many  layers  of 
prickle  cells  like  those  in  the  rete  Malpighii  (fig.  358,  d),  and  above  this  again  is 
the  substance  of  the  nail  (fig.  360,  a).  [The  stratum  granulosuni  is  rudimentary 
in  the  nail-bed.  The  substance  of  the  nail  represents  the  stratum  lucidum,  there 
being  no  stratum  corneum  {Klein).]  The  posterior  part  of  the  nail-groove  and 
the  half  moon,  brighter  part  or  lunule,  form  the  root  of  the  nail.    They  are,  at  the 
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same  time,  the  matrix,  from  wliicli  growth  of  the  nail  takes  place.  The  liuiule  is 
present  in  an  isolated  nail,  and  is  due  to  diminished  transparency  of  the  posterior 
part  of  the  nail,  owing  to  the  special  thickness  and  uniform  distribution  of  the  cells 
of  the  rete  Malpighii  {Toldt). 

Growth  of  the  Nail.-Accordin^  to  Unna,  the  matrix  extends  to  the  front  part  of  the  lunula 
The  nail  grows  continually  from  behind  forwards,  and  is  formed  by  layers  secreted  or  formed 
by  the  matrix.  These  layers  run  parallel  to  the  surface  of  the  matrix.  They  run  obliquely 
fiom  above  and  behind,  downwards  and  forwards,  through  the  thickness  of  the  siibstance  t 
the  nail  The  nail  is  of  the  same  thickness  from  the  anterior  margin  of  the  lunule  forwards  to 
its  free  margin.  Thus  the  nail  does  not  grow  in  thickness  in  this  region.  In  the  course  ot  a 
year  the  fingers  produce  about  2  grms.  of  nail  substance,  and  relatively  more  m  summer  than  m 

Dlvelopment.-l.  From  the  second  to  the  eighth  month  of  fffital  life,  the  position  of  the 
nail  is  indicated  by  a  partial  but  marked  horny  condition  of  the  epidermis  on  the  back  ot  the 
first  phalanx,  the  "  eponychium."  The  remainder  of  this  substance  is  represented  during  life 
by  the  normally  formed  epidermal  layer,  which  separates  the  future  nail  from  the  surface  ot  the 
furrow  2.  The  future  nail  is  formed  under  the  eponychium,  with  its  first  nail-cells  still  m  tront 
of  the  nail-groove  ;  then  the  nail  grows  and  pushes  forward  towards  the  groove.  At  the  seventh 
month,  the  nail  (itself  covered  by  the  eponychium)  covers  the  whole  extent  of  the  nail-bed. 
3.  When,  at  a  later  period,  the  eponychium  splits  off,  the  nail  is  uncovered.  After  birtti  the 
ridges  are  formed  on  the  bed  of  the  nail,  while  simultaneously  the  matrix  passes  backwards  to 
the'^most  posterior  part  of  the  groove  ( f/?ma). 

Absence  of  Hairs.— The  whole  of  the  skin,  with  the  exception  of  the  palmar  surtace  ot  the 
hand,  sole  of  the  foot,  dorsal  surface  of  the  third  phalanx  of  the  fingers  and  toes,  outer  surface 
of  the  eyelids,  glans  penis,  inner  surface  of  the  prepuce,  and  part  of  the  labia,  is  covered  with 
hairs,  which  may  be  strong  or  fine  (lanugo). 

A  Hair  (specific  gravity  1-26)  is  fixed  by  its  lower  extremity  (root)  in  a 
depression  of  the  skin  or  a  hair-follicle  (fig.  358,  I,  p)  which  passes  obliquely 
through  the  thickness  of  the 
skin,  sometimes  as  far  as  the 
subcutaneous  tissue.  The 
structure  of  a  hair-follicle  is 
the  following  :— 1.  The  outer 
fibrous  layer  (figs.  358,  1, 
357),  composed  of  interwoven 
bundles  of  connective-tissue, 
arranged  for  the  most  part 
longitudinally,  and  provided 
with  numerous  blood-vessels 
and  nerves.  [It  is  just  the 
connective-tissue  of  the  sur- 
rounding chorium.]  2.  The 
inner  fibrous  layer  (figs.  358, 
2,  361)  consists  of  a  layer  of 
fusiform  cells  (?  smooth  mus- 
cular fibres)  arranged  circu- 
larly. [It  does  not  extend 
throughout  the  whole  length 
of  the  follicle.]  3.  Inside  this  layer  is  a  transparent,  hyahne,  glass-like  base- 
ment membrane  (fig.  358,  3,  361),  which  ends  at  the  neck  of  the  hair-f oUicle ; 
while  above  it  is  continued  as  the  basement  membrane  which  exists  between  the 
epidermis  and  chorium  (?).  In  addition  to  these  coverings,  a  hair-follicle  has 
epithelial  coverings  which  must  be  regarded  in  relation  to  the  layers  of  the 
epidermis.  Immediately  within  the  glass-like  membrane  is  the  outer  root-sheath 
(figs.  358,  4,  361,  362),  which  consists  of  so  many  layers  of  epitheHal  cells  that  it 
forms  a  conspicuous  covering.  It  is,  in  fact,  a  direct  continuation  of  the  stratum 
Malpighii,  and  consists  of  many  layers  of  soft  cells,  the  cells  of  the  outer  layer 


a,  nail-substance; 


Fig.  360. 

Transverse  section  of  one-half  of  a  nail. 

b,  more  open  layer  of  cells  of  the  nail-bed  ;  c,  stratum 
Malpighii  of  the  nail-bed  ;  d,  transversely  divided  ridges  ; 
nail-groove  ;  /,  horny  layer  of  e  projecting  over  the 
g,  papilltB  of  the  skin  on  the  back  of  the  finger. 


nail 
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being  cylindrical.  Towards  the  base  of  the  hair-follicle  it  becomes  narrower,  and 
is  united  to,  and  continuous  with,  the  cells  of  the  root  of  the  hair  itself,  at  least  in 
fully  developed  hairs.  The  horny  layer  of  the  epidermis  continues  to  retain  its 
properties  as  far  down  as  the  orifice  of  the  sebaceous  follicle  ;  below  this  point, 
however,  it  is  continued  as  the  inner  root-sheath.  This  consists  of  (1)  a  single 
layer  of  elongated,  fiat,  homogeneous,  non-nucleated  cells  (figs.  358,  6,  361,  / — 
Henle's  layer)  placed  next  and  within  the  outer  root-sheath.  Within  this  lies 
(2)  Huxleijs  layer  (figs.  358,  5,  361,  g),  consisting  of  nucleated  elongated 
polygonal  cells  (fig.  358,  x,  and  3),  while  the  cufide  of  the  hair-follicle  is  composed 
of  cells  analogous  to  those  of  the  surface  of  the  hair  itself.  Towards  the  bulb  of 
the  hair  these  three  layers  become  fused  together. 

[Coverings  of  a  hair-follicle  arranged  from  without  inwards — 

(  {a)  Longitudinally  arranged  fibrous  tissue. 

1.  Fibrous  layers,  ^       Circularly  arranged  spindle  cells. 

2.  Glass-like  (hyaline)  membrane. 


(  {a)  Outer  root-sheath. 

(h)  Inner  root-sheath. 
(  (c)  Cuticle  of  the  hair. 


(  Henle's  layer. 
(  Huxley's  layer. 


3.  Epithelial  layers. 

4.  The  hair  itself. 

The  arrector  pill  muscle  (fig.  358,  A)  is  a  fan-like  arrangement  of  a  layer  of 
smooth  muscular  fibres,  attached  below  to  the  side  of  a  hair-follicle  and  extending 

towards  the  surface  of  the  chorium  ;  as  it  stretches 
obliquely  upwards,  it  subtends  the  obtuse  angle 
formed  by  the  hair-follicle  and  the  surface  of  the 
skin,  [or,  in  other  words,  it  forms  an  acute  angle 
with  the  hair-follicle,  and  between  it  and  the  follicle 
lies  the  sebaceous  gland].  When  these  muscles 
contract,  they  raise  and  erect  the  hair-follicles,  pro- 
ducing the  condition  of  cutis  anserina  or  gooseskin. 
As  the  sebaceous  gland  lies  in  the  angle  between 
the  muscle  and  the  hair-follicle,  contraction  of  the 
muscle  compresses  the  gland  and  favours  the  eva- 
cuation of  the  sebaceous  secretion.  It  also  com- 
presses the  blood-vessels  of  the  papilla  {Unna). 

The  hair  with  its  large  bulbous  extremity — hair- 
bulb — sits  upon,  or  rather  embraces,  the  papilla. 
It  consists  of  (1)  the  marrow  or  medulla  (fig.  358,  i), 
which  is  absent  in  woolly  hair  and  in  the  hairs 
formed  during  the  first  year  of  life.  It  is  composed 
of  two  or  three  rows  of  cubical  cells  (H,  c).  (2) 
Outside  this  lies  the  thicker  cortex  (A),  which  con- 
sists of  elongated,  rigid,  horny,  fibrous  cells  (H,/;/), 


Fig.  36 L 


Transverse  section  of  a  Lair  •  between  these  cells  He  the  pigment 

follicle.     a,  outer  librous  coat,  i    •       /o\  rm         £        ü  xi,    i    •  • 

with  h,  blood-vessels ;  c,  inner  granules  of  the  hair.     (3)  The  surface  of  the  hair  is 
circularly  disposed  layer  ;   d,  covered  with  a  cuticle  (/i;),  which  consists  of  imbri- 
glass-like  layer  ;  e,  outer,  /,  g,  ^ated  layers  of  non-nucleated  squames. 
inner,  root-sheath;/ outer  layer  ci,  a-  *      ^-  a  •    ^\  ^ 

of  the  same  (Henle's  sheath)  ;  g,  [Nerves. -Numerous  nerve-fibres  are  distributed  m  the 
inner  layer  of  the  same  (Hux- hair-follicles  (§  424).]     ^    ^   .    ^  .     ^  , 

ley's  sheath)  ;  h,  cuticle  ;  I,  hair.     Grey  Hair.— When  the  hair  becomes  grey,  as  u?  old  age 

this  is  due  to  defective  formation  of  pigment  m  the  cortical 
part.  The  silvery  appearance  of  white  hair  is  increased  when  small  air-cavities  are  developed, 
es[»ecially  in  the  medulla,  and  to  a  less  extent  in  the  cortex,  where  they  reflect  the  light. 
Landois  records  a  case  of  the  hair  becoming  suddenly  grey,  in  a  man  whose  hair  became  grey 
during  a  single  night,  in  the  course  of  an  attack  of  delirium  tremens.    Numerous  air-spaces 
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were  found  tlirougliout  the  entire  marrow  of  the  (blond)  hairs,  while  the  hair-pigment  still 

remained.  .     ,  ,     i    •         ,  • 

[Blood-Pigment  in  Hairs.— The  feelers  of  albino  rabbits  contain  blood-pigment  in  some 
part  of  their  substance  {Sig.  Mayer).']  ,     n  •  . 

Development  of  Hair.— According  to  Kölliker,  from  the  12th  to  13th  Aveek  of  mtra-utenne 
life,  solid  finger-liko  processes  of  the  epidermis  are  pushed  down  into  the  chorium.  The  process 
becomes  flask-shaped,  while  the  central  cells  of  the 
cylinder  become  elongated,  and  form  a  conical  body, 
arising  as  it  were  from  the  depth  of  the  recess.  It 
soon  differentiates  into  an  inner  darker  part,  which 
becomes  the  hair,  and  a  thinner,  clearer  layer  covering 
the  former,  the  inner  root-sheath.  The  outer  cells,  i.e. , 
those  lying  next  the  wall  of  the  sac,  form  the  outer 
root-sheath.  Outside  this  again  the  fibrous  tissue  of 
the  chorium  forms  a  rudimentary  liair-follicle,_  while 
one  of  the  papilliB  grows  up  against  it,  indents  it,  and 
becomes  embraced  by  the  bulb  of  the  hair.  This  is  the 
hair  papilla,  which  contains  a  loop  of  blood-vessels. 
The  cells  of  the  bulb  of  the  hair  proliferate  rapidly,  and 
thus  the  hair  grows  in  length.  The  point  of  the  hair 
is  thereby  gradually  pushed  upwards,  pierces  the  inner 
root-sheath,  and  passes  obliquely  through  the  epider- 
mis. The  hairs  appear  upon  the  forehead  at  the  19th 
week  ;  at  the  23rd  to  25th  week  the  lanugo  hairs  appear 
free,  and  they  have  a  characteristic  arrangement  on 
different  parts  of  the  body. 

Physical  Properties. — Hair  has  very  considerable 
elasticity  (stretching  to  0-33  of  its  length),  consider- 
able cohesion  (carrying  3  to  5  lbs. ),  resists  putrefaction 
for  a  long  time,  and  is  highly  hygroscopic.  The  last 
property  is  also  possessed  by  epidermal  scales,  as  is 
proved  by  the  pains  that  occur  in  old  wounds  and  scars 
during  damp  weather. 

Growth  of  a  hair  occurs  by  proliferation  of  the  cells 
on  the  surface  of  the  hair  papilla,  these  cells  represent- 
ing the  matrix  of  the  hair.  Layer  after  layer  is  formed, 
and  gradually  the  hair  is  raised  higher  within  its 
follicle. 

Change  of  the  Hair. — According  to  one  view,  when 
the  hair  has  reached  its  full  length,  the  process  of  for- 
mation on  the  surface  of  the  hair  papilla  is  interrupted; 
the  root  of  the  hair  is  raised  from  the  papilla,  becomes 
horny,  remains  almost  devoid  of  pigment,  and  is  grad- 
ually more  and  more  lifted  upwards  from  the  surface 
of  the  papilla,  while  its  lower  bulbous  end  becomes  split 
up  like  a  brush.  The  lower  empty  part  of  the  hair- 
follicle  becomes  smaller,  while  on  the  old  papilla  a  new 
formation  of  a  hair  begins,  the  old  hair  at  the  same 
time  falling  out  (Unna).  According  to  Stieda,  the  old 
papilla  disappears,  while  a  new  one  is  formed  in  the 
hair-follicle,  and  from  it  the  new  hair  is  developed. 
According  to  Kölliker,  again,  both  processes  obtain. 

[Erectile  Hairs. — The  vibrisste  or  feelers  in  the 
snout  of  some  animals  are  really  organs  of  touch,  and 
in  each  hair-follicle  is  a  large  blood-sinus.] 

[Chemistry. — In  the  horny  epithelium  the  proto- 
plasm is  replaced  by  keratin,  which  belongs  to  the 
group  of  the  albumenoids  (§  250,  3)  and  contains  sul- 
phur, which  is  but  loosely  combined,  for  on  boiling 
hairs  with  alkalies  the  sulphur  is  liberated.  It  is  also 
the  chief  constituent  of  hairs,  hoof,  and  feathers,  while  a  similar  body,  neuro-keratin,  is  found 
in  nervous  structures.  The  quantity  of  sulphur  in  keratin  is  about  3-5  per  cent.  Hairs  on 
being  burned  yield  5-70  per  1000  of  ash,  composed  of  250  alkaline  sulphates,  140  calcium  sul- 
phate, 100  iron  oxide,  and  400  parts  of  silicic  acid.  As  a  rule,  dark  hairs  yield  more^iron 
than  l)lond  hairs.] 

The  colour  of  the  skin  in  the  coloured  races,  and  the  black  or  brown  colour  of  hair  in  general, 
is  due  to  melanin  (p.  472).    There  seem  to  be  several  varieties  of  this  pigment,  but  that  of 


Fig.  362. 

Section  of  a  hair-follicle  while  a  hair 
is  being  shed,  a,  outer  and  middle 
sheaths  of  hair-follicle  ;  b,  hyaline 
membrane  ;  c,  papilla,  with  a  capil- 
lary ;  d,  outer,  e,  inner  root-sheath ; 
/,  cuticle  of  the  latter  ;  g,  cuticle  of 
the  hair  ;  young  non-medullated 
hair  ;  i,  tip  of  new  hair  ;  I,  hair- 
knob  of  the  shed  hair,  with  k,  the 
remainder  of  the  cast-off  outer  root- 
sheath. 
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liuman  hair  contains  rather  less  nitrogen  and  more  sulphur  than  some  of  the  others.  It  does 
not  contain  iron.] 

284.  THE  GLANDS  OF  THE  SKIN.— The  sel3aceous  glands  (fig.  358,  1,  T) 
are  simple  acinous  glands,  which  open  by  a  duct  into  the  hair-f oUicles  of  large 
hairs  near  their  upper  part ;  in  the  case  of  small  hairs,  the  latter  may  project  from 
the  duct  of  the  gland  (fig.  363).    In  some  situations  the  ducts  of  the  glands  open 

free  upon  the  surface,  e.g.,  the  glands  of  labia 
minora,  glans,  prepuce  (Tyson's  glands),  and 
the  red  margins  of  the  Hps.  The  largest  glands 
occur  in  the  nose  and  in  the  labia ;  they  are 
absent  only  from  the  vola  manus  and  planta 
pedis.  The  oblong  alveoli  of  the  gland  con- 
sist of  a  basement  membrane  lined  with  small 
polyhedral  nucleated  granular  secretory  cells 
(fig.  358,  t).  Within  this  are  other  polyhedral 
cells,  whose  substance  contains  numerous  oil- 
globules  ;  the  cells  become  more  fatty  towards 
the  centre  o£  the  alveolus.  The  cells  lining 
the  duct  are  continuous  with  those  of  the 
outer  root-sheath.  The  detritus  formed  by 
the  fatty  metamorphosis  of  the  cells  constitutes 
the  sebum  or  sebaceous  secretion. 

[If  the  "oil  or  coccygeal-gland "  of  a  duck  be 
removed,  it  is  found  that,  when  the  animal  is  sub- 
merged, it  takes  up  between  its  feathers  about  the 
same  amount  of  water  as  an  intact  duct ;  but  it 
retains  2  to  2|  times  as  much  water  in  its  feathers 
{Max  Joseph).] 

The  sweat-glands  (figs.  356,  358,  I,  k), 
sometimes  called  sudoriparous  glands,  consist 
of  a  long  blind  tube,  whose  lower  end  is  ar- 
ranged in  the  form  of  a  coil  placed  in  the 
areolar  tissue  under  the  skin,  while  the  some- 
Avhat  smaller  upper  end  or  excretory  portion 
winds  in  a  vertical,  slightly  wave-like  manner, 
through  the  chorium,  and  in  a  cork-screw  or 
spiral  manner  through  the  epidermis,  Avhere 
it  opens  with  a  free,  somewhat  trumpet-shaped, 
mouth  (fig.  356).  The  glands  are  very  numerous  and  large  in  the  palm  of  the 
hand,  sole  of  the  foot,  axilla,  forehead,  and  around  the  nipple ;  few  on  the  back 
of  the  trunk ;  and  are  absent  on  the  glans,  prepuce,  and  margin  of  the  lips.  The 
circumanal  glands  and  the  ceruminous  glands  of  the  external  auditory  meatus, 
and  Moll's  glands,  which  open  into  the  hair-follicles  of  the  eyelashes,  are  modifi- 
cations of  the  sweat-glands. 

Each  gland-tube  consists  of  a  basement  membrane  lined  by  cells  ;  the  excretory 
part  or  sweat-canal  of  the  tube  is  lined  by  several  layers  of  cubical  cells,  whose 
surface  is  covered  by  a  delicate  cuticular  layer,  a  small  central  lumen  being  left. 
Within  the  coil  the  structure  is  different.  The  first  part  of  the  coil  resembles  the 
above,  but  as  the  coil  is  the  true  secretory  part  of  the  gland,  its  structure  differs 
from  the  sweat-canal.  This,  the  so-called  distal  portion  of  the  tube,  is  lined  by  a 
single  layer  of  moderately  tall  clear  nucleated  cylindrical  epithehum  (fig._  358,  S), 
often  containing  oil-globules.  Smooth  muscular  fibres  are  arranged  longitudinally 
along  the  tube  in  the  large  glands  (fig.  358,  S,  a).  There  is  a  distinct  lumen 
present  in  the  tube.    As  the  duct  passes  through  the  epidermis,  it  winds  its  way 


Fig.  363. 

Sebaceous  gland,  with  a  lanugo  hair 


granular  epithelium 
continuous  with  a  ; 
free  fat;  d,  acini;  c, 
a  small  hair,  /. 


;  b,  rete  Malpighii 
c,  fatty  cells  and 
hair-follicle,  with 
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between  the  epidermal  cells  without  any  independent  membrane  lining  ii{He>inold). 
A  network  of  capillaries  surrounds  the  coil.  Before  the  arteries  si^lit  up  into 
capillaries,  they  form  a  true  rete  niirabile  around  the  coil  {Brücke).  Tins  is  com- 
parable to  the  glomerulus  of  the  kidney,  which  may  also  be  regarded  as  a  rete 
mirabile.  Is^umerous  nerves  pass  to  form  a  plexus,  and  terminate  m  the  glands 
(Tomsa). 

The  total  number  of  sweat-glands  is  estimated  by  Krause  at  U  millions,  wluoh  gives  a  secre- 
tory surface  of  nearly  1000  square  metres.    These  glands  secrete  sivcaL    Nevertheless,  an  oily  o 
faUy  substance  is  often  mixed  with  the  sweat.    In  some  animals  (glands  m  the  sole  of  the  foot 
of  the  dog,  and  in  birds)  this  oily  secretion  IS  very  marked. 

Numerous  lymphatics  occur  in  the  cutis  ;  some  arise  by  a  bhnd  end,  and  others  from  loops 
with  n  the  papilla  on  a  plane  lower  than  the  vascular  capillary.  [These  open  into  niore  or  less 
horizontal  networks  of  tubular  lymphatics  in  the  cutis,  and  these  again  into  the  wide  ly^M^at 
of  the  subcutaneous  tissue,  which  are  well  provided  with  va  ves.]  Special  lymphatic  spac  s  aie 
disposed  in  relation  with  the  hair-follicles  and  their  glands  {NevMu),  [and  also  with  the  fat 
The  lymphatics  of  the  skin  are  reachly  injected  with  Berlin  blue  by  the  puncture 

"^raie  blood-vessels  of  the  skin  are  arranged  in  several  systems.    There  is  a  superficial  system, 
from  which  proceed  the  capillaries  for  the  papillae.    There  is  a  deeper  system  of  vessels  which 
supplies  spedal  blood-vessels  to  («)  the  fatty  tissue  ;  (6)  the  hair-follicles,  each  o   which  has  a 
p^Ll  vascular  arrangement  of  its, own,  and  in  connection  with  each  seba^^^^^^^^ 

receives  a  special  artery  ;  (c)  an  artery  goes  also  to  each  coil  of  a  sweat-gland,  where  it  foims  a 
dense  plexus  of  capillaries  {Tovisa).] 

285.  THE  SKIN  AS  A  PROTECTIVE  COVERING.— The  subcutaneous  fatty 
tissue' fills  up  the  depressions  between  adjoining  parts  of  the  body  and  covers 
projecting  parts,  so  that  a  more  rounded  appearance  of  the  body  is  thereby  ob- 
tained It  also  acts  as  a  soft  elastic  pad  and  protects  delicate  parts  from  external 
pressure  (sole  of  the  foot,  palm  of  the  hand),  and  it  often  surrounds  and  protects 
blood-vessels,  nerves,  &c.  It  is  a  bad  conductor  of  heat,  and  thus  acts  as  one  ot 
the  factors  regulating  the  radiation  of  heat  (§  214,  IL,  4),  and,  therefore,  the 
temperature  of  the  body.  The  epidermis  and  cutis  vera  also  act  m  the  same 
manner  (§212).  Klug  found  that  the  heat-conduction  is  less  through  the  skin  and 
subcutaneous  fatty  tissue  than  through  the  skin  alone  ;  the  epidermis  conducts  heat 
less  easily  than  the  fat  and  the  chorium. 

The  soHd,  elastic,  easily  movable  cutis  affords  a  good  jJi'otechon  against  external, 
mechanical  'injuries;  while  the  dry,  impermeable,  horny  epidermis,  devoid  of 
nerves  and  blood-vessels,  affords  a  further  protection  against  the  absorption  ot 
poisons,  and  at  the  same  time  it  is  capable  of  resisting,  to  a  certain  degree,  thermal 
and  even  chemical  actions.  A  thin  layer  of  fatty  matter  protects  the  free  surface 
of  the  epidermis  from  the  macerating  action  of  fluids,  and  from  the  disintegrating 
action  of  the  air.  The  epidermis  is  important  in  connection  with  the  ßmds  of  the 
lody.  It  exerts  pressure  upon  the  cutaneous  capillaries,  and  to  a  limited  extent, 
prevents  too  great  diffusion  of  fluid  from  the  cutaneous  vessels.  Parts  of  the  skm 
devoid  of  epidermis  are  red  and  always  moist.  When  dry,  the  epidermis  and  the 
epidermal  appendages  are  bad  conductors  of  electricity  (§  326).  Lastly,  the  exist- 
ence of  uninjured  epidermis  prevents  adjoining  parts  from  growing  together. 

As  the  epidermis  is  but  slightly  extensile  it  is  stretched  over  the  folds  and  papillae  of  the  cutis 
vera,  which  becomes  level  when  the  skin  is  stretched,  and  the  papill?e  may  even  disappear  with 
strong  tension  {Leioinski). 

286.  CUTANEOUS  RESPIRATION:  SEBUM— SWEAT.— The  skin,  with  a 
surface  of  more  than  IJ  square  metre,  has  the  following  secretory  functions  :— 

1.  The  respiratory  excretion ; 

2.  The  secretion  of  sebaceous  matter ;  and 

3.  The  secretion  of  sweat. 

[Besides  this  the  skin  is  protective,  contains  sense-organs,  is  largely  concerned 
in  regulating  the  temperature,  and  may  be  concerned  in  absorption.] 
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1.  Eespiration  by  the  skin  lias  been  referred  to  (§  130).  The  organs  concerned  are  tlie  lubes 
of  the  s\\  eat-glands,  moistened  as  they  are  with  fluids,  and  surrounded  by  a  rich  network  of 
capillaries.  It  is  uncertain  whether  or  not  the  skin  gives  off  a  small  amount  of  IST  or  ammonia. 
Eolirig  made  experiments  upon  an  arm  j^laced  in  an  air-tight  metal  box.  According  to  him, 
the  amount  of  COg  and  HgO  excreted  is  subject  to  certain  daily  variations  ;  it  is  increased  by 
digestion,  increased  temperature  of  the  surroundings,  the  application  of  cutaneous  stimuli,  and 
by  impeding  the  pulmonary  respiration.  The  exchange  of  gases  also  depends  upon  the  vascu- 
larity of  certain  parts  of  the  skin,  while  the  cutaneous  absorption  of  0  also  depends  upon  the 
number  of  coloured  corpuscles  in  the  blood. 

In  frogs  and  other  amphibians,  with  a  thin,  always  moist  epidermis,  the  cutaneous  respira- 
tion is  more  considerable  than  in  warm-blooded  animals.  In  winter,  in  frogs,  the  skin  alone 
yields  |  of  the  total  amount  of  COo  excreted  ;  in  summer  §  of  the  same  {Bidder)  ;  thus,  in 
these  animals  it  is  a  more  important  respiratory  organ  than  the  lungs  themselves. 

Suppression  of  the  cutaneous  activity  by  varnishing  or  dipping  the  skin  in  oil  causes  death  by 
asphyxia  (frogs)  sooner  than  ligature  of  the  lungs  does.  Varnishing  the  Skin. — When  the  skin 
of  a  warm-blooded  animal  is  covered  with  an  impermeable  varnish  [sucli  as  gelatin]  {Foucavlt, 
Bccqucrel,  Brechet),  death  occurs  after  a  time,  jirobably  owing  to  the  loss  of  too  much  heat. 
The  formation  of  crystalline  ammonio-magnesic  phos})hate  in  the  cutaneous  tissue  of  such 
animals  {EdenJmizen)  is  not  sufficient  to  account  for  death,  nor  are  congestion  of  internal  organs 
and  serous  effusions  satisfactory  explanations.  The  retention  of  the  volatile  substances  (acids) 
present  in  the  sweat  is  not  sufficient.  Strong  animals  live  longer  than  feeble  ones  ;  horses  die 
after  several  days  (Gcrhich)  ;  they  shiver  and  lose  flesh.  The  larger  the  cutaneous  surface  left 
unvarnished,  the  later  does  death  take  place.  Rabbits  die  w'hen  |  of  their  surface  is  varnished. 
When  the  entire  surface  of  the  animal  is  varnished,  the  temperature  rapidly  falls  (to  19°),  the 
pulse  and  respirations  vary  ;  usually  they  fall  when  the  varnishing  process  is  limited  ;  increased 
frequency  of  respiration  has  been  observed  (§  225).  Pigs,  dogs,  horses,  when  one-half  of  the 
body  is  varnished,  exhibit  only  a  temporary  fall  of  the  temperature  and  show  signs  of  weak- 
ness, but  do  not  die  {EUcnhcrger  mid  Hofmeister).  [In  extensive  burns  of  the  skin,  not  only 
is  there  disintegration  of  the  coloured  blood-corpuscles  {v.  Lesser),  but  in  some  cases  ulcers 
occur  in  the  duodenum.  The  cause  of  the  ulceration,  however,  has  not  been  ascertained  satis- 
factorily {Ciirling).] 

2.  Sebaceous  Secretion. — The  fatty  matter  as  it  is  excreted  from  the  acini  of 
the  sebaceous  glands  is  fluid,  but  even  within  the  excretory  duct  of  the  gland  it 
stagnates  and  forms  a  Avhite  fat-Hke  mass,  which  may  sometimes  be  expressed  (at 
the  side  of  the  nose)  as  a  worm-Hke  white  body,  the  so-called  comedo.  The 
sebaceous  matter  keeps  the  skin  supple,  and  prevents  the  hair  from  becoming  too 
dry.  Microscopically,  the  secretion  is  seen  to  contain  innumerable  fatty  granules, 
a  few  gland-cells  filled  with  fat,  visible  after  the  addition  of  caustic  soda,  crystals 
of  Cholesterin,  and  in  some  men  a  microscopic  mite-like  animal  (Demodex  foUi- 
culorum). 

[Formation  of  Sebum. — The  cells  lining  the  acini  of  the  glands  proliferate  and  push  the 
older  cells  towards  the  centre  of  the  alveoli,  where  they  undergo  a  fatty  transformation  to  form 
the  sebum.  Thus  the  shed  cells  are  themselves  bodily  transformed  into  sebaceous  matter,  a 
condition  different  to  that  obtaining  in  most  of  the  other  secretory  glands.] 

Chemical  Composition  of  Sebum. — The  constituents  are  for  the  most  part  fatty  ;  chiefly  olein 
(fluid)  and  ixdmitin  (solid)  fat,  soaps,  and  some  Cholesterin  ;  a  small  amount  of  albumin  and 
unknown  extractives.  Amongst  the  inorganic  constituents,  the  insoluble  earthy  phosphates 
are  most  abundant  ;  while  the  alkaline  chlorides  and  phosphates  are  less  abundant. 

The  Vernix  caseosa,  which  covers  the  skin  of  a  new-born  child,  is  a  greasy  mixture  of  seba- 
ceous matter  and  macerated  epidermal  cells  (containing  47 '5  per  cent.  fat).  A  similar  product 
is  the  smegma  prseputialis  (52 '8  per  cent,  fat),  in  which  an  ammonia  soap  is  present. 

The  cerumen  or  ear-wax  is  a  mixture  of  the  secretions  of  the  ceruminous  glands  of  the  ear 
(similar  in  structure  to  the  sweat-glands)  and  the  sebaceous  glands  of  the  auditory  canal. 
Besides  the  constituents  of  sebum,  it  contains  yellow  or  brownish  particles,  a  bitter  yellow 
extractive  substance  derived  from  the  ceruminous  glands,  potash  soaps,  and  a  special  fat.  The 
secretion  of  the  Meibomian  glands  is  sebum. 

[Lanoline. — Liebreich  finds  in  feathers,  hairs,  wool,  and  keratin-tissues  generally,  a  Choles- 
terin fat,  which  however  is  not  a  true  fat,  although  it  saponifies,  but  an  ethereal  compound  of 
certain  fatty  acids  with  Cholesterin.  In  commerce  it  is  obtained  from  wool,  and  is  known  by 
the  above  name  ;  it  forms  an  admirable  basis  for  ointments,  and  it  is  very  readily  absorbed  by 
the  skin.]  Thus,  the  fat-like  substance  for  protecting  the  epidermis  is  partly  formed  along 
with  keratin  in  the  epidermis  itself. 

3.  The  Sweat. — The  sweat  is  secreted  in  the  coil  of  the  sweat-glands.    At  the 
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same  time  the  nuclei  of  the  secretory  cells  Ijecome  more  spherical  and  the  cells 
(horse)  become  more  grannlar.  As  long  as  the  secretion  is  small  in  amount,  the 
water  secreted  is  evaporated  at  once  from  the  skin  along  with  the  volatile  con- 
stituents of  sweat ;  as  soon,  however,  as  the  secretion  is  increased,  or  evaporation 
is  prevented,  drops  of  sweat  appear  on  the  surface  of  the  skin.  The  former  is 
called  insensible  perspiration,  and  the  latter  sensible  perspiration.  [Broadly, 
the  quantity  is  about  2  lbs.  in  twenty-four  hours.] 

The  sensible  perspiration  varies  greatly  ;  as  a  rule,  tlie  right  side  of  the  body  perspires  more 
freely  than  the  left.  The  palms  of  the  hands  secrete  most,  then  follow  the  soles  of  the  feet, 
cheeic,  breast,  upper  arm,  and  fore-arm  {Peiper).  It  falls  from  morning  to  inid-day,  and  rises 
again  towards  evening,  reaching  its  maximum  before  midnight.  Much  moisture  and  cold  in 
the  surrounding  atmosphere  diminish  it,  and  so  does  diuresis.  In  children,  the  insensible  pei  - 
spiration  is  relatively  great.  The  drinking  of  water  favours  it,  alcohol  diminishes  it  {H. 
Schmid). 

Method.  —Sweat  is  obtained  from  a  man  by  placing  him  in  a  metallic  vessel  in  a  warm  bath  ; 
the  sweat  is  rapidly  secreted  and  collected  in  the  vessel.  In  this  way  Favre  collected  2560 
grams  of  sweat  in  1|  hour  [by  exposing  himself  to  a  hot-air  bath  and  drinking  at  the  same  time 
hot  drinks].  An  arm  may  be  inclosed  in  a  cylindrical  vessel,  which  is  fixed  air-tight  round  the 
arm  with  an  elastic  bandage  {Schottin). 

Amongst  animals,  the  horse  sweats,  so  does  the  ox,  but  to  a  less  extent  ;  the  vola  and  planta 
of  apes,  cats,  and  the  hedgehog  secrete  sweat;  the  snout  of  the  pig  sweats  (?),  while  the  goat, 
rabbit,  rat,  mouse,  and  dog  are  said  not  to  sweat  {Luchsinger).  [The  skin  over  the  body  and 
the  pad  on  the  dog's  foot  contain  numerous  sweat-glands,  which  open  free  on  the  surface  of  the 
pad  and  into  the  hair-follicles  on  the  general  surface  of  the  skin  (  W.  Stirling).} 

Microscopically. — The  sweat  contains  only  a  few  epidermal  scales  accidentally  mixed  with 
it,  and  fine  fatty  granules  from  the  sebaceous  glands. 

Chemical  Composition  of  Sweat. — Its  reaction  is  alkaline,  although  it  fre- 
quently is  acid,  owing  to  the  admixture  of  fatty  acids  from  decomposed  sebum. 
During  profuse  secretion  it  becomes  neutral,  and  lastly  alkahne  again  {Triimpy 
and  Luchsinger).  The  sweat  is  colourless,  slightly  turbid,  of  a  saltish  taste,  and 
has  a  characteristic  odour  varying  in  different  parts  of  the  body ;  the  odour  is  due 
to  the  presence  of  volatile  fatty  acids  [specific  gravity,  1003-1005.]  The  con- 
stituents are  water,  which  is  increased  l3y  copious  draughts  of  that  fluid,  and 
solids,  which  amount  to  1-2  per  cent.  (O'TO  to  2-66  per  cent. — Funlie),  and  of 
these  0-90  per  cent,  is  organic  and  0-30  inorganic.  Amongst  the  organic  consti- 
tuents are  neutral  fats  (palmitin,  stearin),  also  present  in  the  sweat  of  the  palm 
of  the  hand,  which  contains  no  sebaceous  glands,  Cholesterin,  volatile  fatty  acids 
(chiefly  formic,  acetic,  butyric,  propionic,  caproic,  capric  acids),  varying  qualita- 
tively and  quantitatively  in  difi'erent  parts  of  the  body.  These  acids  are  most 
abundant  in  the  sweat  first  (acid)  secreted.  There  are  also  traces  of  proteids 
(similar  to  casein)  and  a  trace  of  albumin  and  urea,  about  O'l  per  cent.  [Kast 
found  sulphuric  acid  united  as  ethereal  sulphate  of  skatol  and  phenol,  also  oxy- 
acids,  and  Capricana  found  kreatinin.]  In  ursemic  conditions  (anuria  in  cholera) 
urea  has  been  found  crystallised  on  the  skin.  When  the  secretion  of  sweat  is 
greatly  increased,  the  amount  of  urea  in  the  urine  is  diminished,  both  in  health 
and  in  ursemia  {Leute).  The  nature  of  the  reddish-yellow  pigment,  which  is 
extracted  from  the  residue  of  sweat  by  alcohol,  and  coloured  green  by  oxalic  acid, 
is  unknown.  Amongst  inorganic  constituents,  those  that  are  easily  soluble  are 
more  abundant  than  those  that  are  soluble  with  difficulty,  in  the  proportion  of  17 
to  1  ;  sodium  chloride,  0-02  ;  potassium  chloride,  0-02 ;  suliDhates,  0-01  per  1000, 
together  with  traces  of  earthy  phosphates  and  sodium  phosphate.  [Moreover,  the 
relative  proportion  of  salts  in  sweat  is  quite,  different  from  that  in  urine.]  Gases. 
—Sweat  contains  COg  in  a  state  of  absorption  and  some  X.  When  decomposed 
with  free  access  of  air^  it  yields  ammonia  salts  {Gorup-Besanez). 

Excretion  of  Substances. — Some  substances  when  introduced  into  the  body  reappear  in  the 
sweat — benzoic,  cinnamic,  tartaric,  and  succinic  acids  are  readily  excreted  ;  quinine  and  potassic 
iodide  with  more  difficulty.    Mercuric  chloride,  arsenious  and  arsenic  acids,  sodium  and 
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potassium  arseniate  have  also  been  found.  After  taking  arseniate  of  iron,  arsenious  acid  has 
bsen  found  in  the  sweat,  and  iron  in  the  urine.  Mercury  iodide  reappears  as  a  chloride  in  the 
S  vveat,  while  the  iodine  occurs  in  the  saliva. 

Formation  of  Pigments  in  the  Skin. — The  leucocytes  furnish  the  material,  and 
the  pigment  is  deposited  in  granules  in  the  deeper  layers,  and,  to  a  less  extent,  in 
the  upper  layers,  of  the  rete  Malpighii.  This  occurs  in  the  folds  around  the  anus, 
scrotum,  nipple  [especially  during  pregnancy],  and  everywhere  in  the  coloured 
races.  There  is  a  diffuse,  whitish-yellow  pigment  in  the  stratum  corneum,  which 
becomes  darker  in  old  age.  The  pigmentation  depends  on  chemical  processes, 
reduction  taking  place,  and  these  processes  are  aided  by  Hght.  Granular  pigment 
lies  also  in  the  layers  of  prickle  cells.  The  dark  coloration  of  the  skin  may  be 
arrested  by  free  O  [hydric  peroxide],  while  the  corneous  change  is  prevented  at  the 
same  time  {Unna).  [According  to  Delepine  melanin  is  not  derived  from  hsemo- 
globin,  but  is  formed  by  the  deep  layers  of  the  epidermis.] 

Pathological.— To  this  belongs  the  formation  of  liver  spots  or  cholasma,  freckles,  and  the 
pigmentation  of  Addison's  disease,  [pigmentation  round  old  ulcers,  &c.]  (_§  103,  lY.).  [The 
curious  cases  of  pigmentation,  especially  in  neurotic  women,  e.g.,  in  the  eyelids,  deserve  further 
study  in  relation  to  the  part  played  by  the  nervous  system  in  this  process.] 

287.  INFLUENCE  OF  NERVES  ON  THE  SECRETION  OF  SWEAT.— 

The  secretion  of  the  skin,  which  /iverages  about      of  the  body-weight,  i.e.,  about 
double  the  amount  of  water  excreted  by  the  lungs,  maybe  increased  or  diminished. 
The  liability  to  perspire  varies  much  in  different  individuals.    The  following  con- 
ditions influence  the  secretion— 1.  Increased  temperature  of  the  surroundings 
causes  the  skin  to  become  red,  while  there  is  a  profuse  secretion  of  sweat  (§214, 
II.,  1).    Cold,  as  well  as  a  temperature  of  the  skin  about  50°  C,  arrests  the  secretion. 
2.  A  very  watery  condition  of  the  blood,  e.g.,  after  copious  draughts  of  warm 
water,  increases  the  secretion.    3.  Increased  cardiac  and  vascular  activity,  whereby 
the  blood-pressure  within  the  cutaneous  capillaries  is  increased,  have  a  similar  effect ; 
increased  sweating  follows  increased  muscular  activity.    4.  Certain  drugs  favour 
sweating,  e.g.,  pilocarpin.  Calabar  bean,  strychnin,  picrotoxin,  muscarin,  nicotm, 
camphor,  ammonia  compounds  ;  while  others,  as  atropin  and  morphia,  in  large  doses, 
diminish  or  paralyse  the  secretion.    [Drugs  which  excite  copious  perspiration,  so 
that  it  stands  as  beads  of  sweat  on  the  skin,  are  called  sudorifics,  while  those  that 
excite  the  secretion  gently  are  diaphoretics,  the  difference  being  one  of  degree. 
Those  drugs  which  lessen  the  secretion  are  called  antihydrotics.]    5.  It  is  import- 
ant to  notice  the  antagonism  which  exists,  probably  upon  mechanical^  grounds, 
between  the  secretion  of  sweat,  the  urinary  secretion,  and  the  evacuation  of  the 
intestine.    Thus  copious  secretion  of  urine  {e.g.,  in  diabetes)  and  watery  stools 
coincide  with  dryness  of  the  skin.    If  the  secretion  of  sweat  be  increased,  the 
percentage  of  salts,  urea,  and  albumin  is  also  increased,  whilst  the  other  organic 
substances  are  diminished.    The  more  saturated  the  air  is  with_  watery  vapour,  the 
sooner  does  the  secretion  appear  in  drops  upon  the  skin,  while  in  dry  air  or  an'  ni 
motion,  owing  to  the  rapid  evaporation,  the  formation  of  drops  of  sweat  is  prevented, 
or  at  least  retarded.    [The  reciprocal  relation  between  the  skin  and  kidneys 
is  well  known.    In  summer,  when  the  skin  is  active,  the  kidneys  separate  less 
water ;  in  winter,  when  the  skin  is  less  active,  it  is  cold  and  comparatively  blood- 
less, while  the  kidneys  excrete  more  water,  so  that  the  action  of  these  two  organs 
is  in  inverse  ratio.] 

The  influence  of  nerves  on  the  secretion  of  sweat  is  very  marked. 
I.  Just  as  in  the  secretion  of  sahva  (§  145),  vaso-motor  nerves  are  usually  ni 
action  at  the  same  time  as  the  proper  secretory  nerves ;  the  vaso-dilator  nerves 
(sweating  with  a  red  congested  skin)  are  most  frequently  involved.  The  fact  that 
secretion  of  sweat  does  occasionally  take  place  when  the  skin  is  pale  (fear,  death- 
agony)  shows  that,  when  the  vaso-motor  nerves  are  excited,  so  as  to  constrict  the 
cutaneous  blood-vessels,  the  sweat  secretory  nerve-fibres  may  also  be  active. 
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Under  certain  circumstances,  the  amount  of  blood  m  the  skin  seems  to  determine  the  occui  - 
rence  of  sweating  ;  thus,  Dupuy  found  that  section  of  the  cervical  sympathetic  caused  secietion 
on  tiiat  Sil  ot  the  neck  of  a  ho?se  ;  while  Nitzelnadel  found  that  percutaneous  electrical  stimu- 
lation of  the  cervical  sympathetic  in  man  limited  the  sweating.  , 

[We  may  draw  a  parallel  between  the  secretion  of  saliva  and  that  of  sweat  Both  aie  foimed 
in  glands  derived  fiom  the  outer  layer  of  the  embryo._  Bot^i  se.Tctions  are  formed  ^^m  lymph 
supplied  by  the  blood-stream,  and  if  tke  lymph  be  m  sufhcient  quantity,  secretion  niay  take 
place  when  there  is  no  circulation,  although  in  both  cases  secretion  is  ^««t  lively  when  the 
circulation  is  most  active  and  the  secretory  nerves  of  both  are  excited  simul  aneou  1^^^^^^ 
o-lands  have  secretory  nerves  distinct  from  the  nerves  of  the  blood-vessels  ;  both  glands  may  be 
?aralvsed  by  the  action  of  the  nervous  system,  or  in  disease  (fever),  or  conversely  l^oth  are 
paralysed  by  atropine  and  excited  by  other  drugs,  e.g.,  pi  ocai-pin.  In  the  g^^^^f  ^^1^.^^^™^^^ 
histological  changes  accompany  the  secretory  act,  and  no  doubt  smular  electromotor  phenomena 
occur  in  both  glands.] 

II  Secretory  or  sweat  nerves,  altogether  independent  of  the  circulation,  control 
the  secretion  of  sweat.  Stimulation  of  these  nerves,  even  in  a  limb  which  has  been 
amputated  in  a  kitten,  causes  a  temporary  secretion  of  sweat,  i.e.,  after  complete 
arrest  of  the  circulation  {Goltz,  Kendall  and  Luchsinger,  Ostroumoiv).  In  the  intact 
condition  of  the  body,  however,  profuse  perspiration,  at  all  events,  is  always 
associated  with  simultaneous  dilatation  of  the  blood-vessels  (just  as,  m  stimulation 
of  the  facial  nerve,  an  increased  secretion  of  saliva  is  associated  with  an  increased 
blood-stream— §  145,  A,  I.).  The  secretory  nerves  and  those  for  the  blood-vessels 
seem  to  lie  in  the  same  nerve-trunks. 

The  secretory  nerves  for  the  hind  limbs  (cat)  He  in  the  sciatic  nerve.  Lucli- 
singer  found  that  stimulation  of  the  peripheral  end  of  this  nerve  caused  renewed 
secretion  of  sweat  for  a  period  of  half  an  hour,  provided  the  foot  was  always  wiped 
to  remove  the  sweat  already  formed.  If  a  kitten,  whose  sciatic  nerve  is  divided  on 
one  side,  be  placed  in  a  chamber  filled  with  heated  air,  all  the  three  intact  limbs 
soon  begin  to  sweat,  but  the  limb  whose  nerve  is  divided  does  not,  nor  does  it  do 
so  when  the  veins  of  the  limb  are  ligatured  so  as  to  produce  congestion  of  its 
blood-vessels.  [The  cat  sweats  only  on  the  hairless  soles  of  the  feet.]  As  to  the 
course  of  the  secretory  fibres  to  the  sciatic  nerve,  some  pass  directly  from  the 
spinal  cord  ( Vulpian),  some  pass  into  the  abdominal  sympathetic  {Luchsmger, 
NaivrocM,  Ostroumow),  through  the  rami  communicantes  and  the  anterior  spinal 
roots  from  the  upper  lumbar  and  lower  dorsal  spinal  cord  _(9th  to  13th  dorsal 
vertebras — cat),  where  the  sweat-centre  for  the  lower  limbs  is  situated. 

The  spinal  sweat-centre  may  be  excited  directly :— (1)  By  a  highly  venous 
condition  of  the  blood,  as  during  dyspnoea,  e.g.,  the  secretion  of  sweat  that  some- 
times precedes  death  ;  (2)  by  overheated  blood  (45°  C.)  streaming  through  the 
centre;  (3)  by  certain  drugs  (see  p.  554).  The  centre  may  be  also  excited 
reflexly,  although  the  results  are  variable,  e.g.,  stimulation  of  the  crural  and 
peroneal  nerves,  as  well  as  the  central  end  of  the  opposite  sciatic  nerve  excites 
it.  [The  pungency  of  mustard  in  the  mouth  may  excite  free  perspiration  on  the 
face.] 

Anterior  Extremity. — The  secretory  fibres  lie  in  the  ulnar  and  median  nerves, 
for  the  fore-limbs  of  the  cat ;  most  of  them,  or  indeed  all  of  them  (Naivrocki),  pass 
into  the  thoracic  sympathetic  (Ggl.  stellatum),  and  part  (?)  run  in  the  nerve-roots 
direct  from  the  spinal  cord  (Luchsinger,  Vulpian,  Ott).  A  similar  sweat-centre 
for  the  upper  limbs  lies  in  the  lower  part  of  the  cervical  spinal  cord.  Stimulation 
of  the  central  ends  of  the  brachial  plexus  causes  a  reflex  secretion  of  sweat  upon 
the  foot  of  the  other  side  (Adamkiewicz).  At  the  same  time  the  hind  feet  also 
perspire. 

Pathological.— Degeneration  of  the  motor  ganglia  of  the  anterior  horns  of  the  spinal  cord 
causes  loss  of  the  secretion  of  sweat,  in  addition  to  paralysis  of  the  voluntary  muscles  of  the 
trunk.  The  perspiration  is  increased  in  paralysed  as  well  as  in  oedematous  limbs.  In  nephritis 
there  are  great  variations  in  the  amount  of  water  given  off  by  the  skin. 
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Head. — The  secretory  fibres  for  this  part  (horse,  man,  snout  of  pig)  lie  in  the 
thoracic  sympathetic,  pass  into  the  ganglion  stellatum,  and  ascend  in  the  cervical 
sympathetic  (§  356,  A.),  Percutaneous  electrical  stimulation  of  the  cervical  sym- 
pathetic in  man  causes  sweating  of  that  side  of  the  face  and  of  the  arm  {M.  Meyer). 
In  the  cephalic  portion  of  the  sympathetic,  some  of  the  fibres  pass  into,  or  become 
applied  to,  the  branches  of  the  trigeminus,  which  explains  why  stimulation  of 
the  infraorbital  nerve  causes  secretion  of  sweat.  Some  fibres,  however,  arise 
diredhj  from  the  roots  of  the  trigeminus  [Luclisinger),  and  the  facial  ( Vtdpian, 
Adainldewicz). 

Undoubtedly  the  cerebrum  has  a  direct  eff'ect  either  upon  the  vaso-motor  nerves 
(p.  554,  I.)  or  upon  the  sweat-secretory  fibres  (II.),  as  in  the  sweating  produced  by 
l^sychical  excitement  (pain,  fear,  &c.). 

Adamkiewicz  and  Senator  found  that,  in  a  man  suffering  from  abscess  of  the  motor  region  of 
the  cortex  cerebri  for  the  arm,  there  were  spasms  and  perspiration  in  the  arm. 

Sweat-centre. — According  to  Adamkiewicz,  the  medulla  oblongata  contains  the 
dominating  sweat-centre  (§  373).  When  this  centre  is  stimulated  in  a  cat,  all 
the  four  feet  sweat,  even  three-quarters  of  an  hour  after  death  {Adamkiewicz). 

III.  The  nerve-fibres  which  terminate  in  the  smooth  muscidar  fihres  of  the  meat- 
glands  act  upon  the  excretion  of  the  secretion. 

Other  conditions.— If  the  sweat-nerves  be  divided  (cat),  injection  of  pilocarpin  causes  a  secre- 
tion of  sweat,  even  at  the  end  of  three  days.  After  a  longer  period  than  six  days  there  may 
be  no  secretion  at  all.  This  observation  coincides  with  the  phenomenon  of  dryness  of  the  skin 
in  paralysed  limbs.  Dieffenbacli  found  that  transplanted  portions  of  skin  first  began  to  sweat 
when  tlieir  sensibility  was  restored. 

Experiments  on  man. — If  a  motor  nerve  (tibial,  median,  facial)  of  a  man  be  stimulated,  sweat 
appears  on  the  skin  over  the  muscular  area  supplied  by  the  nerve,  and  also  upon  the  correspond- 
ing  area  of  the  opposite  non-stimulated  side  of  the  body.  This  result  occurs  when  the  circula- 
*  ■  tion  is  arrested  as  well  as  when  it  is  active.  Sensory  and  thermal  stimulation  of  the  skin  always 
cause  a  bilateral  reflex  secretion  independently  of  the  circulation.  The  area  of  sweating  is 
independent  of  the  part  of  the  skin  stimulated. 

[Changes  in  the  Cells  during  Secretion. — In  the  resting,  glands  of  the  horse,  the  cylindi  ical 
cells  are  clear  with  the  nucleus  near  their  attached  ends,  but  after  free  perspiration  they  become 
granular,  and  their  nucleus  is  more  central  {Renaut).'\ 

288.  PATHOLOGICAL  VAEIATIONS.  — 1 .  Anidrosis  or  diminution  of  the  secretion  of  sweat 
occurs  in  diabetes  and  the  cancerous  cachexia,  and  along  with  other  disturbances  of  nutrition 
of  the  skin  in  some  nervous  diseases,  e.g.,  in  dementia  paralytica  ;  in  some  limited  regions  of  the 
skin,  it  has  occurred  in  certain  tropho-neuroses,  e.g.,  in  unilateral  atrophy  of  the  face  and  in 
paralysed  parts.  In  many  of  these  cases  it  depends  upon  paralysis  of  the  corresponding  nerves 
or  their  spinal  sweat-centres. 

2.  Hyperidrosis,  or  increase  of  the  secretion  of  sweat,  occurs  in  easily  excitable  persons,  in 
consequence  of  the  irritation  of  the  nerves  concei'ned  (§  287),  e.g.,  the  sweating  which  occiu's  in 
debilitated  conditions  and  in  the  hysterical  (sometimes  on  the  head  and  hands),  and  the  so- 
called  epileptoid  sweats  {Eidenhurg).  Sometimes  the  increase  is  confined  to  one  side  of  the  head 
(H.  imilateralis).  This  condition  is  often  accompanied  with  other  nervous  phenomena,  partly 
with  the  symptoms  of  paralysis  of  the  cervical  sympathetic  (redness  of  the  face,  narrow  pupil), 
partly  with  symptoms  of  stimulation  of  the  sympathetic  (dilated  pupil,  exophthalmos).  It  may 
occur  without  these  phenomena,  and  is  due  perhaps  to  stimulation  of  the  proper  secretory  fibres 
alone.  [Increased  sweating  is  very  marked  in  certain  fevers,  both  diiring  their  course  and  at 
the  crisis  in  some  ;  while  the  sweat  is  not  only  copious  but  acid  in  acute  rheumatism.  The 
"  night-sweats"  of  phthisis  are  very  marked  and  disagreeable.] 

3.  Paridrosis  or  qualitative  changes  in  the  secretion  of  sweat,  e.g.,  the  rare  case  of  sweating 
of  blood  "  (hsematohidrosis),  is  sometimes  unilateral.  According  to  Hebra,  in  some  cases  this 
condition  represents  a  vicarious  form  of  menstruation.  It  is,  however,  usually  one  of  many 
phenomena  of  nervous  affections.  Bloody  sweat  sometimes  occurs  in  yellow  fever.  Bile- 
pigments  have  been  found  in  the  sweat  in  jaundice  ;  blue  sweat  from  indigo  (Bizio),  from 
pyocyanin  (the  rare  blue  colouring-matter  of  pus),  or  from  phosphate  of  the  oxide 'of  iron  {Ose. 
KollmaMn)  is  extremely  rare.  Such  coloured  sweats  are  called  chroniidroses.  Numerous  micro- 
organisms (which,  however,  are  innocuous)  live  between  the  epidermal  scales  and  on  the  hairs, 
two  varieties  of  Saccharomycetes  ;  in  cutaneous  folds  Leptothrix  epidermalis,  various  Schizo- 
mycetes,  and  five  kinds  of  Micrococci ;  and  between  the  toes — Bacterium  graveolens  {Bordoni- 
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Uffreduzzi),  which  causes  the  odour  of  tlie  sweat  of  the  feet.  Micro-organisms  are  also  the 
cause  of  yellow,  blue,  and  red  sweat  ;  the  last  are  due  to  Micrococcus  hi^matodes. 

GrajM-sitgar  occurs  in  the  sweat  in  diabetes  mellitus  ;  uric  acid  and  cystin  very  rarely  ;  and 
in  the  sweat  of  stinking  feet,  leucin,  tyrosin,  valerianic  acid,  and  ammonia.  Stinking  sweat 
(bromidrosis)  is  due  to  the  decomposition  of  the  sweat,  from  the  presence  of  a  special  micro- 
organism (Bacterium  foätidum— ifVa'u).  In  the  sweating  stage  of  ague  butyrate  of  lime  has  been 
found,  while  in  the  sticky  sweat  of  acute  articular  rheumatism  there  is  more  albmnin  {Ansel mino), 
and  the  same  is  the  case  in  artificial  sweating  {Leube)  ;  lactic  acid  is  present  in  the  sweat  in 
puerperal  fever. 

The  sebaceous  secretion  is  sometimes  increased,  constituting  seborrhoea,  which  may  be  local 
or  general.  It  may  be  diminished  (Asteatosis  cutis).  The  sebaceous  glands  degenerate  in  old 
people,  and  hence  the  glancing  of  the  skin  {lUmy).  If  the  ducts  of  the  glands  are  occluded  the 
sebum  accumulates.  Sometimes  the  duct  is  occluded  by  black  particles  or  ultramarine  ( Unna) 
from  the  blue  used  in  colouring  the  linen.  When  pressed  out,  the  fatty  worm-shaped  secretion 
is  called  "comedo." 

289.  CUTANEOUS  ABSORPTION— GAL VANIC  CONDUCTION.— After  long  immersion  in 
water  the  superficial  layers  of  the  epidern)is  become  moist  and  swell  up.  The  skin  is  unabk  to 
absorb  any  substances,  either  salts  or  vegetable  poisons,  from  watery  solutions  of  these.  This 
is  due  to  the  fat  normally  present  on  the  epidermis  and  in  the  pores  of  the  skin.  If  the  fat  be 
removed  from  the  skin  by  alcohol,  ether,  or  chloroform,  absorption  may  occur  in  a  few  minutes 
{Parisot).  According  to  Röhrig,  all  volatile  substances,  e.g.,  carbolic  acid  and  others,  which 
act  upon  and  corrode  the  epidermis,  are  capable  of  absorption  ;  while  according  to  Juhl,  such 
watery  solutions  as  impinge  on  the  skin,  in  a  finely  divided  spray,  are  also  capable  of  absorption, 
which  very  probably  takes  place  through  the  interstices  of  the  epidermis. 

[Inunction. — When  ointments  are  rubbed  into  the  skin  so  as  to  press  the  substance  into  the 
pores,  absorption  occurs,  e.g.,  potassium  iodide  in  an  ointment  so  rubbed  in  is  absorbed,  so  is 
mercurial  ointment.  V.  Voit  found  globules  of  mercury  between  the  layers  of  the  epidermis, 
and  even  in  the  chorium  of  a  person  who  was  executed,  into  whose  skin  mercurial  ointnient  had 
been  previously  rubbed.  The  mercury  globules,  in  cases  of  mercurial  inunction,  pass  into  the 
hair-follicles  and  ducts  of  the  glands,  where  they  are  affected  by  the  secretion  of  the  glands  and 
transformed  into  a  compound  capable  of  absorption.  An  abraded  or  inflamed  surface  {e.g.,  after 
a  blister)  where  the  epidermis  is  removed,  absorbs  very  rapidly,  just  like  the  surface  of  a  wound 
(Endermic  method).] 

[Drugs  may  be  applied  locally  where  the  epidermis  is  intact — epidermic  method—as  when 
drugs  which  affect  the  sensory  nerves  of  a  part  are  painted  over  a  painful  area  to  diminish  the 
pain.  Another  method,  the  hypodermic,  now  largly  used,  is  that  of  injecting,  by  means  of  a 
hypodermic  syringe  a  non-corrosive,  non-irritant  drug,  in  solution,  into  the  subcutaneous 
tissue,  where  it  practically  passes  into  the  lymph-spaces  and  comes  into  direct  relation  with 
the  lymph-  and  blood-stream  ;  absorption  takes  place  with  great  rapidity,  even  more  so  than 
from  the  stomach.] 

Absorption  of  Gases. — Under  normal  conditions  minute  traces  of  0  are  absorbed  from  the  air  ; 
hydrocyanic  acid,  sulphuretted  hydrogen — CO,  CO2,  the  vapour  of  chloroform  and  ether  may  be 
absorbed  {Cliaussier,  Oerlach,  Röhrig).  In  a  bath  containing  sulphuretted  hydrogen,  this  gas  is 
absorbed,  while  COg  is  given  off  into  the  water  {Röhrig). 

Absorption  of  watery  solutions  takes  place  rapidly  through  the  skin  of  the  frog  {Outtmann, 
W.  Stirling,  v.  Wittich).  Even  after  the  circulation  is  excluded  and  the  central  nervous  system 
destroyed,  much  water  is  absorbed  through  the  skin  of  the  frog,  but  not  to  such  an  extent  as 
when  the  circulation  is  intact  {Spina). 

Galvanic  Conduction  through  the  Skin. — If  the  two  electrodes  of  a  constant  current  be  im- 
pregnated with  a  watery  solution  of  certain  substances  and  applied  to  the  skin,  and  if  the 
direction  of  the  current  be  changed  from  time  to  time,  strychnin  may  be  caused  to  pass  through 
the  skin  of  a  rabbit  in  a  few  minutes,  and  that  in  sufficient  amount  to  kill  the  animal  {H.  Münk). 
In  man,  quinine  and  potassium  iodide  have  been  introduced  into  the  body  in  this  way,  and 
their  presence  detected  in  the  urine.  This  process  is  called  the  cataphoric  action  of  the  con- 
stant current  (§  328). 

290.  COMPARATIVE— HISTORICAL. —In  all  vertebrates  the  skin  consists  of  chorium 
and  epidermis.  In  some  reptiles  the  epidermis  becomes  horny,  and  forms  large  plates  or  scales. 
Similar  structures  occur  in  the  edentata  among  mammals.  The  epidermal  appendages  assume 
various  forms — such  as  hair,  nail,  spines,  bristles,  feathers,  claws,  hoof,  horns,  sjiurs,  &c.  The 
scales  of  some  fishes  are  partly  osseous  structures.  Many  glands  occur  in  the  skin  ;  in  some 
amphibia  they  secrete  mucus,  in  others  the  secretion  is  poisonous.  Snakes  and  tortoises  are 
devoid  of  cutaneous  glands  ;  in  lizards  the  "leg-glands"  extend  from  the  anus  to  the  bend  of 
the  knee.  In  the  crocodile,  the  glands  open  under  the  margins  of  the  cutaneo-osseous  scales. 
In  birds  the  cutaneous  glands  are  absent ;  the  ' '  coccygeal  glands  "  form  an  oily  secretion  for 
lubricating  the  feathers.    [This  is  denied  by  0.  Liebreich,  as  he  finds  no  cholesterin-fats  in 
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their  secretion.]  The  civet  glands,  at  the  anus  of  the  civet  cat,  the  preputial  glands  of  the 
musk  deer,  the  glands  of  the  hare,  and  the  pedal  glands  of  ruminants,  are  really  greatly  de-' 
veloped  sebaceous  glands.  In  some  invertebrata,  the  skin,  consisting  of  epidermis  and  chorium, 
is  intimately  united  with  the  subjacent  muscles,  forming  a  i  .;culo-cutaneous  tube  for  the  body 
of  the  animal.  The  cephalopoda  have  chromatophores  in  taeir  skin,  i.e.,  round  or  irregular 
spaces  filled  with  coloured  granules.  Muscular  fibres  are  arranged  radially  around  these  spaces, 
so  tliat  when  these  muscles  contract  the  coloured  surface  is  increased.  The  change  of  colour  in 
these  animals  is  due  to  the  play  or  contraction  of  these  muscles  {Brücke).  Special  glands  are 
concerned  in  the  production  of  the  shell  of  the  snail.  The  annulosa  are  covered  with  a  chitin- 
ous  investment,  which  is  continued  for  a  certain  distance  along  the  digestive  tract  and  the 
tracheae  It  is  throw^n  off  when  the  animal  sheds  its  covering.  It  not  only  protects  the  animal, 
but  it  forms  a  structure  for  the  attachment  of  muscles.  In  echinodermata,  the  cutaneous 
covering  contains  calcareous  masses  ;  in  the  holothurians,  the  calcareous  structures  assume  the 
form  of  calcareous  spicules.  n  t         ■  ^  a  ^.v. 

Historical  —Hippocrates  (born  460  B.c.)  and  Theophrastus  (born  371  B.C.)  distinguished  the 
perspiration  from  the  sweat ;  and,  according  to  the  latter,  the  secretion  of  sweat  stands  m  a 
certain  antagonistic  relation  to  the  urinary  secretion  and  to  the  water  m  the  fteces.  According 
to  Cassius  Felix  (97  A.D.),  a  person  placed  in  a  bath  absorbs  water  through  the  skin  ;  Sanctorms 
(1614)  measured  the  amount  of  sweat  given  off";  Alberti  (1581)  was  acquainted  with  the  hair- 
bulb  ;  Donatus  (1588)  described  hair  becoming  grey  suddenly  ;  Riolan  (1626)  showed  that  the 
colour  of  the  skin  of  the  negro  was  due  to  the  epidermis. 
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